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Seder Ohler esd 
astronauts first walked on 
the Moon 


© 
aa is issue 
t¥ marks 50 
years since 
humankind first 
stepped foot 
on the lunar 
surface. Apollo 11 was a mission like 
no other, carrying three men into 
space, to make history. 

Over on page 16, we've begun our 
special anniversary issue where we 
chat exclusively to Apollo Lunar 
Module Pilot Buzz Aldrin, Command 
Module Pilot Michael Collins, NASA 
flight director Gene Kranz and many 
more about what really happened 
the day spacesuit boot touched lunar 
soil for the very first time. And that's 
not all, you - our readers - reveal 
your memories of the mission, while 
Neil Armstrong's biographer James 
Hansen gives us an insight into who 
the Apollo 11 Commander really was, 
crushing the rumours that surround 
the astronaut's personality and life. 


Welcome 


Don't forget to take the time 
to observe the lunar surface this 
month - this issue we provide a 
full guide to not only help you get 
the very best views of the Apollo 11 
landing site, but the missions that 
followed several years later. Plus, 
if you're a keen collector of Moon 
landing memorabilia, we've put 
together the ultimate guide to Apollo 
11 merchandise, featuring the likes 
of LEGO, Fisher Space Pens, Omega 
and many, many more. 

If you're a subscriber or a resident 
of the UK, we hope you enjoy your 
two free gifts this month - Apollo 
1l: The Inside Story, courtesy of Icon 
Books, plus two Haynes Manual 
posters. See you next month! 
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Keep up to date 


Andrew May 


Has one of the greatest 
minds of our time put 
anend to the multiverse 
theory? Andrew reveals 
the results of Stephen 
Hawking's final paper 
explains why 


Stuart Atkinson 


Stuart continues his 
summer night sky tour 
this issue, revealing 
some treasures you 

can observe in the 
constellations of Cygnus 
and the surrounding sky 


Abigail Beall 


What's beyond what 
we define as deep 
space? Speaking to 
the scientists behind 
Hubble and James 
Webb, Abigail has the 
tantalising details 


Lee Cavendish 


Lee chats to physicist 
Carlo Rovelliabout 
the complications of 
space and time. Do we 
really understand the 
latter as much as we 
originally thought? 
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Black holes 
might not 

merely be harbingers 
of destruction, two 
new exoplanets have 
been found nearby 
and Spitzer readies to 
retire in 2020 


Secrets of 
Apollo 11 


We reveal the classified 
information hidden even from 
the crew themselves 


Carlo Rovelli 


The Italian theoretical physicist 
speaks to All About Space about 
the enigma that is time 


Where do black 
holes lead? 


If you could journey through the 
cosmos’ most monstrous objects, 
what tales - if any - would you 
be able to tell? 


Pluto 


The dwarf planet in the realms 
of the Kuiper Belt is not just a 
barren ball of rock and ice 


Ask Space 


Your questions answered by 
our experts 


End of the 
multiverse 

A posthumous paper by Stephen 
Hawking cuts cosmology’s 
controversial hypothesis down 
to size 


Europa salt 
Common table salt has been 
identified on Jupiter's moon 


Lunar landings 
NASA has funded a host of 
small businesses developing 
new technology that can make 
landing on the Moon safer and 
more reliable than ever 


Beyond 
deep space 
How technology is helping 
us peer to the edges of the 
observable universe 
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“The idea of a single time 
that passes at the same speed 
is completely wrong” 


60 Carlo Rovelli,, Centre de Physique Théorique de Luminy 
at Aix-Marseille University 
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Your complete guide to the night sky 
What's in the sky? 
The shortest nights are now 


behind us, with new sights to look 
forward to 


Planets on display 
Saturn takes the spotlight, while 
Mercury, Venus and Mars are 
challenging targets 


Moon tour 

To the south of Plato are 
mountains worth exploring with 
a telescope 


Naked eye & 
binocular targets 
The Cygnus star cloud reveals 
millions of tiny stars 


Observe the Apollo 
landing sites 

Find the exact spots where history 
was made 
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Glittering star clusters, a dead star's 


corpse and a beautiful double star 
to split 
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A gaggle of galaxies, clusters and 
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The red face 
oa ele leg 


Waleed Te ok UR) cia lal} 

most densely populated country 

in Central America - El Salvador. 

BUeec le omeel ell me xR Ly 

captured by the European Space 

Agency's Copernicus Sentinel-2 ee 

spacecraft. It's shown largely in ‘ 

red to give a better idea of the 

AR LRU Re : 
This image shows many ger: 

recognisable areas of El Salvador, igh 

including Lake Giija (top left), the 

(erreR ns (A Ela P erin a (ence 

left) and the volcano Izalco 

(below Cerro Verde). To the right 

of that is Coatepeque Caldera. Cees 
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<< An image not instantly recognisable, but a powerful one nonetheless. The 


NTT cela 1m Cee mola) eli Colamco) ores RRL SE eed 

Space Station (ISS) imaged the entire sky, and each concentration of brightness 

shows nearby cosmic powerhouses releasing copious amounts of energy in the 

form of X-rays. These arcs are the paths that energetic particles follow between 
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Hidden Cate al 
Way unveiling > 


On 12 June 2019, NASA ait 

Tee elms Meee ae oe 

United States senator Ted Cruz, 

D.C. Council chairman Phil 

Mendelson and Margot Lee 

Shetterly, author of the book 

Hidden Figures, unveiled the 

fabulous new ‘Hidden Figures 

EWA eee Ree 
Ae cre - 

Pee eR Ms 

African-American women that Ss 

Pen OR UREA 

of spaceflight. Cruz made an 


appropriate statement, saying * 


it’s “not just a story of individuals 
but it’s also a story of, and 
acknowledges, the racism in 

this country and how we still 
struggle to deal with that and to 
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Galaxies and 
asteroids 
collide 


The Hubble Space 
Telescope created a 
beautiful canvas of distant 
PEM ALU eee a | 
bey Rela Ke) Tne ELON 
Den R CEL) 
unusual photobomb - the 
appearance of several 
nearby asteroids skimming 
past. These streaks were 
created as several asteroids 
just tens to hundreds of 
PT ReLm OMSL Na 
from Earth glided past 

the field of view during 
multiple exposures. With 
20 asteroid trails shown, 

ER nee} 
fire Rae) xom Ce) 

identify and characterise 
these objects, getting a 
Ysa nel Ae 
the nearby objects that 
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Light of the night 


One of the world’s busiest observatories is the European Southern so: CEB) 
site. This popular astronomical observation site has a host of finely tuned telescopes sittin; 
at an altitude of 2,400 metres (7,900 feet) in the dry Atacama Desert in Chile. La Silla is ~~ 
so popular because it has the best viewing conditions. The area exhibits very little cloud” 

g coverage, with around 300 clear nights out of the year, and has been seeing the most 
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erat ae Bet) 
for space 


The Mars 2020 rover will soon 
alae oMM CLE 1g Umer 4 
onward to the Red Planet. 
However, engineers have to be 
Cell n aay c 
sure the rover can survive this 
ela 

This shows NASA's Mars 2020 
spacecraft assembled and placed 
in the acoustic and thermal 
vacuum (TVAC) testing chamber 
Elegie) oN) to) a -] ple) c-1Kel nr 
in Pasadena, California, United 
1M RE Ree 
Flr ete ea 
(ole (moh MUR} 
temperatures endured in sucha 
MEAN MiCL elie 
going to space. 
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Spitzer's infrared 
eee ifoy a) 


NASA has recently announced 
that it will permanently shut down b 
5 the Spitzer Space Telescope on 
30 January 2020. After roughly 
16 years of service, the telescope 
f will no longer offer its unique view 
la Reece RONCHI Ks) r PS 
(eee) TER ecll (cig 5 
example shown in this image. 
Spitzer captured this large mosaic 
of the Cepheus C and Cepheus B 
Ste MM Mae CRI se) 
with cosmic gas and dust that fuels 
Rete CMe eR Cec) 
and orange patches are where this 








4 material is illuminated by stars 
Gee Ae eR LL) 
PR eae a ar Eee Cs 
EI the formation of many stars. 
“e : FS ad ‘i 
3 ca ; oe 
ca ; 7 
* ca 33 “et 









Into the eye 
of the galaxy 


Tear em Unie Rm) 
Hubble Space Telescope is 
always up for a challenge, 
EDR Rue Ke- al eee (eA) ‘oe 
eR A Rem UB CLA 4 i ; 
NGC 2903. This structure is : 
located 30 million light years Su 
away in the constellation Leo ee 
(the Lion). Extending from the 
Pye eee EE Ke) BC) i 
and dust blocking out light, 
which causes the black streaks, 
and the purple patches of 

<2, Stars within, illuminating the 
Set eal] B 
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Voracious black holes could 
feed alien life on rogue worlds 


Words by Mara Johnson-Groh 


lack holes are engines of destruction 
on a cosmic scale, but they may also be 
the bringers of life. New research 
on supermassive black holes suggests 
Une ea Mel LCM Ua Ane (Oana Cote nm tly) 
can create biomolecular building blocks and even 
Power photosynthesis. The upshot? Far more worlds 
roaming the Milky Way and beyond could be suitable 
Sola MUN M(t Ken ee ell@l | ecco 
elm uma eaten Meco meen elec 
models to look at the radiating discs of gas and 
dust called active galactic nuclei, or AGN, that swirl 
around'supermassive black holes. Some of the 
brightest objects in the universe, AGN form as a 
black hole's gravity binds matter. As that matter 
swirls around a black hole, it releases incredible 
amounts of light and radiation. 
Te MUM CLA Aero tM) Re el -La(r0) 
; that this radiation would create a dead zone around 
an AGN. Some researchers even proposed that such 
= an AGN could explain why we haven't seen any 


complex extraterrestrial life towards the centre of the 
Milky Way. Our galaxy has a monstrous black hole at 
its centre, called Sagittarius A*. Previous studies have 
found that within 3,200 light years of a Sagittarius 
A*-sized AGN, X-rays and ultraviolet light could strip 
the atmospheres from Earth-like planets. 

MMos em Lele} 

OVI] unless 9) gk -oR Uae eo eel 
those far enough away from an AGN to retain their 
atmospheres might still stand a chance of hosting 
life. At certain distances there exists a galactic 
Goldilocks zone that gets just the right amount of 
ultraviolet radiation. 

At this level of radiation the atmosphere wouldn't 
be stripped away, but the radiation could break 
apart molecules, creating compounds that are 
Citra p Vm Colm PLU Cell ny=M Kell AMM oleae Tae) \ We aT 
cornerstones to life, at least as we know it. For a 
black hole the size of Sagittarius A*, the Goldilocks 
region would extend approximately 140 light years 
from the black hole's centre. 


Mysterious glow warms 
Uranus! FINS vc: c1se none 


Some sort of a heat wave warms the rings of 
Uranus, even though the planet orbits far away 
from the Sun. 

New heat images of the planet, obtained by two 
telescopes in Chile, reveal the temperature of the 
tings for the first time: -195 degrees Celsius (-320 
degrees Fahrenheit), or the boiling temperature of 
liquid nitrogen. 

While that sounds cold by Earthly standards, 
consider that most of space is much colder, 
approaching a temperature at which atoms stop 
moving. This point is called absolute zero, 
which is roughly -273 degrees Celsius (-460 
degrees Fahrenheit). 

And Uranus itself is located pretty far out in 
the Solar System, where the planet receives only 
a fraction of the heat from the Sun that the Earth 
receives. The ice giant orbits our star at an average 
distance of 19 Astronomical Units (AU), with each 
AU equivalent to the average distance from the 
Earth to the Sun, or 150 million kilometres (93 
million miles). 

The scientists who captured the new images 
said they aren't sure what's causing the relative 

= warmth. But the weird temperature proves that 
© the brightest and densest ring at Uranus, also 


2 


known as the epsilon ring, is very different from 
other ring systems in our Solar System. "The small 
end is missing in the main rings of Uranus. The 
brightest ring, epsilon, is composed of golf-ball- 
sized and larger rocks," explained Imke de Pater, an 
astronomer at the University of California, Berkeley. 
The epsilon ring also differs from rings observed 
at the other giant planets. Jupiter's rings are made 
of particles that are roughly a thousandth of a 
millimetre in diameter each, while Neptune's 
tings are made up almost entirely of dust. The 
epsilon ring doesn't even look like the main rings 
of Uranus - huge tracts of dust lie in between them. 
“We already know that the epsilon ring is a bit 
weird, because we don't see the smaller stuff,” lead 
author and graduate student Edward Molter, who 
is also at the University of California, Berkeley, 
said in the same statement. "Something has been 
sweeping the smaller stuff out, or it's all glomming 
together. We just don't know. This is a step towards 
understanding [the rings'] composition and 
whether all of the rings came from the same source 
material or are different for each ring.” 


Uranus' rings differ greatly from those on 
neighbouring ringed planets 


The scientists also looked at the effects of the 
radiation on photosynthesis, the process by which 
most plants utilise the Sun's energy to create sugars, 
and AGN emit enormous amounts of that key 
ingredient - light. 

This would be particularly important for plants 
on free-floating planets, which have no nearby host 
star to provide a light source. Astronomers have 
Cirle unc -meele) (emo: 1e) 8] n eM Py] olga) 
rogue planets drifting in the Goldilocks zone of a 
Milky Way-like galaxy, according to Manasvi Lingam, 
lead author on the study and an astronomer at 
Harvard University. 

Calculating the area over which AGN could 
power photosynthesis, the scientists found that 
large portions of galaxies could have AGN-powered 
photosynthesis. For a galaxy similar to our own, this 
region would extend around 1,100 light years out 
from the centre of the galaxy. In small, dense galaxies 
called ultra-compact dwarfs, more than half of the 
galaxy could reside in that photosynthetic zone. 
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‘Atlas of Space’ smashes textbook view 
Of the Solar SySteIM sii, srndonspecitor 


In most maps of the Solar System you can expect _ site. "This map shows the orbits of more The map plots 
to see the eight canonical planets, and often than 18,000 asteroids in the Solar System. This objects in 
Pluto, trailing the fiery orange Sun like polite little includes everything we know of that's over their position 
ducklings in a row. In biologist Eleanor Lutz's new _ ten kilometres (6.2 miles) in diameter - about before the 
map of the Solar System, which shows the precise _ 10,000 asteroids - as well as 8,000 randomised EW ali cals all 
orbital paths of more than 18,000 near celestial objects of unknown size.” i area Seda sed 

7 - F : AND ALL GOOD 
objects, you'll be lucky if you can even find Mars. BOOKSHOPS 

Lutz is a doctoral candidate at the University 
of Washington who spends her evenings turning r Y ry 
public datasets into hyperdetailed works of art. 

In her new project, called the Atlas of Space, she's 
borrowed more than a decade of data compiled by 
the likes of NASA, the US Geological Survey and 
other science organisations to create some of the 
most accurate maps of the Solar System that will fit 
on your bedroom wall. 

The map shown here, which Lutz posted to her 
website tabletopwhale.com on 10 June, was created 
from orbital data taken from a dozen different 
public databases. Going above and beyond most 
textbook space maps, this guide to the cosmos 
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shows the asteroid belt between Mars and Jupiter 
and the Kuiper Belt beyond Neptune in gorgeous, 
chaotic detail. 

“This map shows each asteroid at its exact 
position on New Years’ Eve 1999," Lutz wrote on her 


® Eleanor Lutz/ Tabletop Whale 
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In extraordinarily salty puddles of water resembling ones you 
might find on Mars, bacteria can survive getting completely 
dried out, suggesting that the Red Planet may be more 
habitable than previously thought, according to a new study. 

Just before dawn, evaporating frost on the Martian surface 
can drive humidity up to 100 per cent, said the study's senior 
author Mark Schneegurt, an astrobiologist at Wichita State 
University in Kansas. At its peak the humidity on Mars can 
resemble the drier parts of the Atacama Desert in Chile, the 
driest place on Earth aside from its poles, which nevertheless is 
home to life. 

In addition, a variety of salts often found on the surface 
of Mars could absorb this moisture. Because the briny fluids 
that result have a lower freezing point than water, they could 
withstand the frigid temperatures that prevail on the Red 
Planet's surface - and potentially harbour life. 

However, the humidity on the Martian surface 
plummets during the daytime as temperatures rise. As 


such, any microbes on Mars would likely have to deal with 
constantly getting dried out. 

To see if life on Mars could survive these cycles of 
desiccation, scientists experimented with two species of 
bacteria taken from two highly salty areas - Hot Lake in 
Washington and the Great Salt Plains in Oklahoma. They 
grew them in the lab in a solution that was half water and half 
magnesium sulphate, commonly known as Epsom salt, a kind 
of salt common on the Martian surface. 

Researchers next dried small drops of this bacterial-laden 
solution using water-absorbing chemicals under a vacuum, to 
mimic how brines on the Martian surface might evaporate. 
Finally they locked the dried drops in a jar with either regular 
water or saltwater and let the jar fill with humidity. 

Within a day the scientists found the dried drops absorbed 
enough moisture from the air to make a liquid brine, at which 
point the bacteria revived and began to grow. Typically more 
than half the cells survived. 


Two potentially Earth-like alien 
planets found around nearby Sta wor: cizavetn Hower 


There are even more potentially habitable planets near 
Earth than we ever imagined. A research team discovered 
two Earth-like planets in our cosmic backyard, and they're 
located in the perfect zone for water to form on their 
presumably rocky surfaces. 

The planets orbit a sun known as ‘Teegarden's star’, 
which is only 12.5 light years from Earth - a light year is 
the distance that light travels in a year, or roughly 6 trillion 
miles or 10 trillion kilometres. The two planets look an 
awful lot like Earth and our neighbouring worlds, the 
researchers said. 

"The two planets resemble the inner planets of our 
Solar System,” lead author Mathias Zechmeister, a research 
scientist at the Institute for Astrophysics at the University of 
G6ttingen in Germany, said in a statement. "They are only 
slightly heavier than Earth and are located in the so-called 
habitable zone, where water can be present in liquid form.” 

According to observations, the newly found worlds orbit 
their parent star with periods of roughly five days and 11 
days respectively. That's very quick compared to planets 
orbiting our own Sun - even Mercury takes 88 days for a 


single circuit - but Teegarden’s star is an M dwarf - a type of 
star that produces less light and energy than our own Sun. 
Any potentially habitable worlds would be found huddled 
closer to this star than Earth is to the Sun, or their water 
would freeze. Thus, their orbits would be quicker. 

More planets could be lurking in Teegarden's star's solar 
system, the research team added, as many stars have more 
than a couple of planets orbiting them. 
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BU Leono a om eto 
interacted with the solar wind 


Intercepto 

to explore an 
undiscovered 
space object 


reer erm UII B iced 
an undiscovered comet en 
route to Earth's orbit, the first 
of its kind to observe a pristine 
interstellar object as it enters 
Teme craton e 

Three spacecraft will take 
snapshots of the comet from 
different angles, creating a 
three-dimensional profile of 
the object and characterising 
its surface, composition, shape 
and structure. 

¥ Urey rm relCo eee 
was selected by the European 
Space Agency (ESA) on 19 
Se Ree Cae Cae 
PG ECB Ot em Boones 
to its quick implementation. 
The mission's proposal was 
submitted to the ESA in 
March, and it is scheduled to 
launch in 2028. 

"Pristine or dynamically 
Po mee Tene 
uncharted," Giinther Hasinger, 
POTN emo melanecmer tet 
in a statement. "[They] make 
Coop rn yer bel eme-Vec(ol toe (ey melo io 
range spacecraft exploration to 
better understand the diversity 
and evolution of comets." 

OU rT Brrtcs eB CM eH elt 
eRe e pT Relea 
cova ec mte Brom (o 
interacted with the solar wind 
nhstconencniaem-blemiaau lt 
launch before its target has 
been discovered. By observing 
the comet as it enters the 
Solar System it can provide 
information on the evolution 
(eye RMN Ree) cama sTIE 
SW aeeeleBrrecl eae cly 
has not yet been altered since 
the birth of the Solar System. 
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The secrets of Ap 


xactly 50 years ago, humankind 

achieved one of the greatest technical 

feats of all time. Less than nine years 

after President Kennedy had set the 
goal of landing a man on the surface of the Moon 
and returning him safely to Earth, NASA achieved 
that most astonishing aim on 20 July 1969. 

Those intervening years had been a white- 
knuckle ride. Beginning with Alan Shepard's 
15-minute suborbital Mercury flight in 1961, NASA 
progressed through a series of milestones in their 
mission to reach the Moon. There was the loss of 
a Mercury capsule and the near-drowning of its 
pilot Gus Grissom; John Glenn's re-entry with a 
retrorocket still attached to his Friendship 7 capsule; 
a slew of hugely successful Gemini missions, 
including one that almost span out of control, 
potentially threatening the life of the astronaut 
who in 1969 would take that first historic step and 
then four fully flown Apollo missions: two in low- 
Earth orbit, two that orbited the Moon and only 
one to test the full system. NASA had to endure 
the catastrophic loss of Grissom and his two crew 
mates, Edward White and Roger Chaffee, in 1967 
in Apollo 1's tragic fire on the launch pad, but the 
space agency had resolved to carry on, completely 
redesigning the Lunar Command Module and 
carrying out major changes to the Lunar Landing 
Module - the LEM as it was known - in that short 
space of time. 


"4 space mnlssion will 


never Se routing. 

You're putting three 
humans 04 top of an 
enormous amount of 


daa’ explosive” 


Amid triumph and tragedy, on 16 July 1969 NASA 
was ready to go to the Moon. Yet the trials and 
tribulations of the previous years were not over, and 
the three-man crew of Apollo 11 - Neil Armstrong, 
Buzz Aldrin and Michael Collins - were facing 
one of the most dramatic spaceflights in history. 
We recall the historic first words said on the lunar 
surface and the elation of the largest TV audience 
in history at that time when they saw those grainy 
black-and-white images from the Moon, but there is 
so much more to the story of Apollo 11 that may not 
be as well known. 

Their first task, of course, was to leave Earth 
on top of the mighty Saturn V rocket - the tallest, 
most powerful rocket ever built. Many astronauts 
who were propelled into space by the Saturn 
V describe it as being a very smooth ride. Neil 
Armstrong is quoted as saying that while the 
launch for all those watching on Cocoa Beach or 
at Cape Canaveral was deafening, the crew could 
only detect a slight increase in background noise, 
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No escape plan: 
what NASA didn't 
want the astronauts 
to know 


A secret launch document 
revealed that an escape 
plan - should the Saturn V 
rocket fail - was bogus 


What the astronauts 
were told 

The crew were told that should 
the leak cause an engine to fail 
at liftoff, their capsule would 
eject to safety far away from 
the failing, exploding rocket. To 
their knowledge, Armstrong and 
Mec AIL LeR Laie 
trained to escape. 


Tare lmUVele le) 

have happened 

Apollo 11 would not be saved 

if something had gone wrong 

in the first two minutes after 
liftoff. The abort system needed 
two seconds after detection of 
a catastrophic failure to activate 
the launch escape system. If an 
engine were to go out on the 
first stage, within half a second 
the Saturn V would have broken 
up and killed the crew. 


a lot of shaking and feeling akin to being on board 
a large jet aeroplane on takeoff. Yet as smooth a 
Tide as it was, being on top of that much rocket 
fuel was always a dangerous experience. “A space 
mission will never be routine because you're putting 
three humans on top of an enormous amount 
of high explosive,” Gene Kranz, flight director for 
Apollo 11's lunar landing, told us. If there were any 
nerves, the astronauts weren't feeling it, according 
to Buzz Aldrin. "We felt that our survival was in the 
probability of 99 per cent. There were a lot of risks 
involved but there were a lot of points to abort the 
mission short of continuing on something risky.” 

Once in space the Command Service Module 
had to rotate and dock with the Lunar Module, 
which was embedded in the final S-IVB stage of the 
Saturn V rocket. After the two spacecraft had mated, 
onwards they flew to the Moon, leaving the SIVB 
stage trailing in space behind them. Some time 
later, the crew spotted something strange outside: 
a light that appeared to be following them. When 
Michael Collins used the onboard telescope to view 
it, he couldn't make it out - it looked like a series of 
ellipses, and when focusing the telescope it seemed 
L-shaped, but that could have just been the way 
sunlight was glinting off it 

Reticent to tell mission control in Houston, Texas, 
that they were being raced to the Moon by a UFO, 
the crew cautiously asked where the SIVB rocket 
stage was. “A few moments later they came back 
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to us and said it was around 6,000 miles [9,656 
kilometres] away,” recalled Aldrin. “We really didn't 
think we were looking at something that far away, 
so we decided to go to sleep and not talk about it 
anymore.” Aldrin doesn't believe it was an alien 
spaceship, but that it was more likely the Sun 
reflecting off one of four metal panels that fell away 
from the rocket stage when they docked with the 
Lunar Module. For almost four days Apollo 11 flew 
towards the Moon, where Armstrong and Aldrin 
climbed into the Lunar Module - the ‘Eagle’ - and 
said goodbye to Collins, who was to remain in the 
Command Module in orbit around the Moon. 

As the Eagle flew around the far side of the 
Moon, things in mission control were growing 
tense. “There was a degree of seriousness in mission 
control that I hadn't even seen in training,” said 
Kranz. “That was when you realised this was the 
real deal: today, we land on the Moon." Almost 
immediately after separating from the Command 
Module there were problems. Radio communication 
with the Eagle was sketchy at best, and they were 
coming up to the point where the landing could no 
longer be aborted if something was wrong. 

“It was up to me to decide if we had enough 
information to make the go/no-go [decision] and 
continue the descent to the Moon," said Kranz. 

So, five minutes before the powered descent to 
the lunar surface was due to begin, with radio 
communication cutting in and out, Kranz asked 
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Houston. How do you read?" 


his flight controllers to give him 
their go/no-go based on the last frame 
of data that they saw. They all said “go.” And then 
things turned from bad to nearly catastrophic. The 
spacecraft’s guidance computer, developed at MIT 
under the auspices of Charles Draper - the lab at 
MIT now bears his name - was a 2MHz system 
that was the first in the world to use integrated 
circuits. Its fixed memory was an ingeniously 
designed ‘Core Rope’ which consisted of a set of 
small hoops. ‘Little Old Ladies’, as it was referred 
to at the time, along with machines would thread 
the code either through or around the hoops to 
give the computer its 1 or O value. If the MIT code 
was threaded incorrectly, the ‘programmer’ would 
have to laboriously go through the woven cores 
and debug it. When the crew were approaching the 
Moon for the landing, various alarms were triggered 
by the computer. “Whatever information we were 
looking at [disappeared] and instead it gave us the 
code number of the alarm,” said Aldrin. “It was 
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Its priority scheduling routines, ich have formed they would be out of fuel and crash. “We'd never In private, Aldrin took 
some of the bases of a lot of modern code, were been this close in training,” said Kranz. “We started out a small cup, some 
dumping lower priority tasks in favour of the ones a stopwatch running, with a controller calling off ine and bread and said Holy 
critical to the lunar landing. seconds of fuel remaining.” Communion. The wine, under 

As the Eagle approached the surface on If things were tense in mission control, on board one-sixth Earth gravity, apparently curled up in 
automatic, Armstrong and Aldrin realised that the Eagle Armstrong and Aldrin had everything the cup. After reading a section of the Gospel 
the scenery outside of the window didn't look under control. With only 13 seconds of fuel left St John, Aldrin said a few words, with Armstrong 
familiar to them. “I think we may be a little long,” Apollo 11 made its safe landing in the Sea of spectfully looking on. NASA had been threatened 
commented Armstrong, referring to the Eagle Tranquillity. History had been made. “Houston, with legal action by Madalyn Murray O'Hair, an 
having overshot its planned landing site. Looming Tranquillity Base here,” Armstrong radioed home. atheist, after the crew of Apollo 8 had read from 
ahead of them was a dangerous-looking boulder The Eagle has landed the book of Genesis, so Aldrin's heartfelt ceremony 
field, and coming down on any of those giant rocks 
the size of houses would have damaged or perhaps 5 ® , fs Le 
even destroyed the Eagle. Armstrong took manual 1 Jo olf Lhat our survival Was 14 Le 

sing the thrusters to take the Eagle over ene £ The were a 
bilihy of 34 per cent. [here 


the boulder field. But now fuel was running low 
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witnessed the launch on 
TV. The feeling | had was the 

whole world was watching 
with anticipation, pride and the 
reality... We are actually going to 

the Moon! 
Daniel Porter, 
@danielporter731 


—— 4 “Watched it all with a friend on a 
ao. | grainy TV up in their loft where 
the best signal [in the house] 
was. We were so aware of how 
absolutely extraordinary this was 
- and not so secretly hoping aliens 
would make an appearance!" 
Suzanne Conboy-Hill, 
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“Iwas seven and just about 
remember it being on TV. | 
remember the landing and ‘Live 
from the Moon' on screen. It 
was magical.” 

John Davies, @JohnnyD_cm 
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never made it to the airwaves. Aldrin, though, has 
always been content in the thought that the first 
food and drink consumed on the lunar surface were 
communion items. 

The original plan had been for the crew to get 
some sleep, but with that much adrenaline pumping 
through their veins that was never going to happen. 
At 02:39 UTC on the morning of 21 July, Armstrong 
made his way through the hatch and down the 
ladder before stepping foot on the surface of the 
Moon for the first time and saying those immortal 
words: “That's one small step for [a] man, one giant 
leap for mankind.” 

After exiting the Lunar Module, Armstrong and 
Aldrin only had a few hours to not only collect 
precious rock samples, but also deploy a series 
of experiments on the lunar surface. Solar wind 
experiments, a laser retro-reflector that is still 
used to this day to measure the Earth-Moon 
distance, seismometers and more were all 
deployed. Armstrong is cited as saying he felt 
like a five year old in a candy store, with not 
enough time to do all the things he wanted 
to. Standing on the Moon must have been an 
incredible experience. Aldrin described the scene 
around him as one of "magnificent desolation’, 
adding that “you could look at the horizon and see 
very clearly because there was no atmosphere, the} 
was no haze or anything”. 

As Armstrong walked around setting up 
instruments and picking up rocks, Aldrin hopped 
around on the surface, testing what the best way 
to move about in the low gravity was. Most of the 
pictures taken during the landing are of Aldrin on 
the surface; barely half a dozen show Armstrong, 
and none clearly. That's because Armstrong had the 
camera for most of the Moon walk. While on the 
surface, the crew also had terrific problems with the 
American flag. It had a telescoping boom arm to 
hold it out in lieu of any wind to hold it up. The two 
astronauts wrestled to get the boom arm to extend 
fully, but it would not, so the flag had a small kink 
in it. They also found that it was almost impossible 
to get the flagpole to go deep enough into the 
ground and, in the end, they only just managed to 
get it to stay upright. Both of the crew worried it 
would fall over live on TV, and probably as President 
Nixon was on the phone to them. But it remained 
upright during the broadcasts and telephone calls. 

After collecting their rocks and clambering 
back into the Lunar Module, the crew took off 
their boots and backpacks, and began to throw 
anything not of vital importance back onto the 
lunar surface. This included urine bags, empty 
food packs, empty cameras and so on. But to the 
crew, they were just getting in the way and not 
needed. There was time for one final crisis. The 
interior of the Lunar Module was cramped and, 
moving around in their bulky spacesuits, one of 
the astronauts had knocked out the switch for the 
circuit breaker that fired the ascent rocket that 
would take them home. 

This was a real bottleneck moment for the 
mission. “If for some reason the ascent engine didn't 
work, there was no way to rescue the crew,” said 
Kranz. Armstrong and Aldrin would be stranded 
on the Moon. The concern was so serious that 
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“Neil could be 
very closed off 
emotionally” 


James Hansen is the only 
author to write an official 
biography on space hero 
Neil Armstrong 


“In some ways Neil was 
avery simple and very 
straightforward type of [oye ay 
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complex. That sounds like a 
contradiction, but the human 
Pye ea SARL 
oie mula 

Neil could be very closed off 
emotionally in many respects, 
and very private and unwilling 
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at the same time - in certain 
social settings when he was 
comfortable, certainly around 
his fellow pilots and astronauts 
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psychobiography where | try 
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what made him tick. 

I'm a strong believer that 
the child is the father to , 
the man. You have to really 
understand what goes on in © 
childhood development, for 
eat) alee Lene) 
family and community, to really 
understand why a person 
becomes what they become,” 
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President Nixon had a speech prepared, while 
mission control would close down communications 
with Armstrong and Aldrin after a clergyman had 
“condemned their souls to the deepest of the deep”. 
Without that circuit breaker the crew were facing 
that lonely fate, but their training would not have 
allowed them to give up. “Rather than worry about 
things like that, we'd face them when the time 
came and we'd work as hard as we could to fix the 
problem until our oxygen ran out,” said Aldrin. 

In the end, the solution was remarkably simple. 
Jabbing the end of a pen into the slot where the 
broken switch had been, Aldrin was able to push 
the circuit breaker in. The ascent rocket fired and 
the two Moonwalkers were on their way home, 
via a rendezvous with Michael Collins in the 
Command Module. 

As the Eagle took off, the flag finally did blow 
over, and to this day it lays flattened, bleached out 
by solar radiation. 
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physicist born in Verona, 
Italy, currently working at 

the Centre de Physique 
Théorique de Luminy (Center 
of Theoretical Physics of 
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University, France. 
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Brief Lessons on Physics, 
tackled the evolution of 
physics with the introduction 
of Einstein's discoveries in 
(een ee le may 
theory of relativity. It was so 
popular it sold over a million 
copies worldwide, and now 
We Lo aol 
exciting book that brings the 
complicated concepts of time 
to the general population in 
an enjoyable fashion. 
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Dr Carlo Rovelli Hii 


THE COMPLICATIONS 
OF TIME AND SPACE 


Time is not as straightforward as we think it is. Italian theoretical physicist 
Carlo Rovelli speaks to All About Space about the enigma that is time, and 
how it changes throughout the cosmos 


Interviewed by Lee Cavendish 


What was your motivation behind The Order 
of Time? Was it something you felt needed 
more attention after writing Seven Brief Lessons 
on Physics? 
Seven Brief Lessons has been a huge success, 
with over a million copies sold. It was hard to 
decide to write again after that. One option was to 
do sort of the same thing, another physics book. 
But then I decided that it wasn't what my readers 
wanted. They wanted something more sincere. So 
I went to what was - for me - the most fascinating 
problem in theoretical physics, which is the nature 
of time. I decided to focus on a single problem, and 
that problem has been the passion of my life to 
study: what is time? How do we think about time? 
I decided to write a book which is partially a 
popularisation and partially also telling everything 
I understand about this fantastic problem, which 
is the nature of time and what I don't understand, 
including my own ideas and my own speculations 
and what I think are the open mysteries. It came 
out as a book which is quite peculiar, because it is 
not just popularisation but it is also - from the point 
of view of a scientist immersed in that - about a 
problem which is not fully unravelled yet. 


What do you think is a common misconception 
about the nature of time? 

Basically everything [laughs]. We have an 
intuition about time which works pretty well in 
our everyday life, but it's basically wrong if we 
were to make it universal. We think of time as a 
one-dimensional thing, just a sequence of 
instances - and that's wrong. We think that the 
past is different from the future - that is wrong. 
We think that at each instance, our entire universe 
exists in that instance, so there's there idea of 
‘present’ over the entire universe - and that’s 
wrong. We think that between two instances there 
is a fixed amount of time that any clock could 
measure - that's wrong. 

Basically, that's it. Our entire normal intuition 
about time is only an approximation. It’s like 
thinking the Earth is flat, which is good as long as 
we're in a small patch of the Earth, but it’s wrong as 
you look a little bit larger, and this is a fact. 


How can you tell this is 
true though? 

One example is, for instance, 
clocks don't go at the same 
speed. Clocks go at different 
speeds depending on altitude. 
For example, in the mountains there 
is more time compared to the valleys. 
For people on the International Space 
Station, time passes faster than down on the Earth. 
Near a big planet time passes slower, and even near 
a black hole time passes much, much slower. So the 
idea of a single time that passes at the same speed 
is completely wrong. This is just the first realisation 
of what we have wrong about time. 


If it is not a fundamental aspect of life, then what 
laws govern its nature? 

The main message of the book is that when we 
think about a common notion of time, it’s really a 
combination of a lot of things. What we call 

‘time’ is really a structure with a set of layers 

that have different origins. The properties that 
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we usually attribute to time 
come from different parts 
of physics. For instance, 

the speed at which the 

clock moves depends on 

gravity - we understand this 
with gravitational theory. The 

distinction between the past and 
future is a completely different story, 
and we understand it with thermodynamics, 

statistical mechanics and the notion of entropy. 
Entropy is the many microscopic degrees of 
freedom of which we don't look at. 

So time is like an onion: you have to take away 
layer by layer and understand each one with its 
own language. That's why it's complicated. One 
starts with a simple idea: I know what time is. 
Time passes with each day and night. It's all very 
simple, but then the more one studies it, the 
more layers there are appearing which have to 
be separated. 

One [layer] is thermodynamics; one is general 
relativity. If one goes even more general to 
quantum gravity - which is my domain of research 
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- then there isn't even a specific variable that works 
on time in the equations of quantum gravity we are 
working on. There's no time variable at all. 


Is there any science in how we perceive time? 
Perhaps the most interesting thing is that some of 
the properties that we attribute to time, like the 
sense of how fast it goes, have nothing to do with 
physics, they have to do with our brain and the 
way the brain relates to the universe. One has to 
use neuroscience to understand it. A lot of what 
we call ‘time’ in reality is not clock time; it's the 
fact that with memories - and anticipations - our 
brain connects to the rest of the world a little bit 
before and a little bit after, and that creates this 
complicated structure of memory and anticipation. 
The beauty of the problem of time is its complexity. 
All the scientists come in to tell us something that 
makes up this very rich experience which is our 
own experience of time. 


How does time act in the more extreme places 
in the universe, such as around a black hole, 

for example? 

If I go close to a black hole, time slows down for 
me. In fact, it will slow down completely if I get to 
the [event] horizon, which is essentially the surface 
of a black hole. This means, for instance, if I could 
go there - and as I used to say, it’s just an issue of 





money. If we put in enough money to build a 
spacecraft, we could go there - and then wait 
a few months in close proximity of the black 
hole, and then I turn my engine on and I come 
out, when I come out, I am very much in the 
future with respect to when I went in. 

I could stay there for ten minutes for me, 
and when I come out, maybe three thousand 
years have passed. A black hole is a time- 
slower. It's something that when you go there and 
you jump to the future, time for you goes extremely 
slower, while outside it continues faster. That we 
know very well. That we know for sure is one of 
the physical effects that allowed us to compute 
what happens in the proximity of a black hole and 
predict the image of the black hole that was seen 
this year. 


What don't scientists know? 

What we don't know for sure is what happens at 

the centre of the black hole, because for that you 
need to know quantum gravity. But the current 
speculation is that as you enter the black hole you 
can get to the centre, and it’s possible that there is 

a ‘bounce’, and very rapidly you are expelled out. 
This occurs as a black hole becomes a white hole 
and you come out, and then like what I said before, 
the effect is much stronger. It takes a few seconds to 
get to the centre and a few seconds to come out, but 


“Time is like an onion: you have to take 
away layer by layer and understand each 
one with its own language” 
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you come out very, very far into the future - maybe 
billions of years! 


Is this concept the same as when scientists talk 
about travelling at speeds close to light? 

It's a very similar phenomenon, because when 
you travel very fast, time also slows down for you. 
If you were to leave Earth and move at a speed 
close to the speed of light, you can come back and 
a short time has passed, while on the Earth a long 
time has passed. 

The two phenomena are related, but are not the 
same because the first one [travelling close to the 
speed of light] was already understood by Einstein 
in 1905 with the effects of special relativity and 
how the structure of space-time does that. The 
second one - the one when talking about orbiting 
a black hole or the Earth - this is due to gravity, 
so it is nothing that comes from special relativity. 
Einstein understood that ten years later in 1915, and 
it is related to the presence of a big mass. The first 
not being related to the mass. But they are similar, 
because in both cases there comes something out 
of the speed at which time passes. One case had to 
do with velocity, the other being the proximity of a 
large mass. 


With regards to space-time, do you think it’s 
possible to move through time the same way we 
move through space? 

Well, our lives are all about moving through time, 
we are doing it all the time. Just by living we are 
moving through time. Not only is it possible, but 
we are doing it all the time. Now, moving faster into 
the future is possible, as I just told you a way of 
doing that - go near a black hole and come back and 
you're in the future. So moving into the future is 
certainly physically possible, and it is only a matter 
of engining and money. 

However, going into the past is a very different 
story because the difference between the past and 
the future has to do with entropy, thermodynamics, 
statistics and probability. The difference between 
the past and the future is mainly to do with the 
probability difference. A phenomenon that can 
happen in one direction, like a glass that breaks, is 
very improbable to happen in the other direction 
- pieces of glass moving together by chance and 
forming the glass. In a sense, to move back in time 
you have to beat very high contrary odds. You have 
to go against probability. 

It's not logically impossible, but I don’t think we 
could ever develop the technology capable of doing 
that. In principle it is not impossible to go to the 
past, but in practice I don’t think you're going to be 
able to for a long time. 


When you're writing a book like this, how hard 
is it to take these difficult concepts and make it 
more understandable to the public? 
I think first of all, if you understand something well 
it becomes easier to say. When we are not good 
at explaining something, it is because we haven't 
understood it well. You see, if we think about the 
science of far away past, like Copernicus, when 
Copernicus wrote his book, it was a very technical 
book. [It was] very complicated with a lot of strange 
elements, strange ideas and was incomprehensible. 
Now it is completely easy. The Earth spins and 
goes around the Sun. Basically that's it. We got 
used to the fact the Earth is moving and when we 
see the sunset it's not the Sun going down, but it’s 
actually us spinning. So Copernicus’ book has 
been completely digested and we accept the idea 
that we are actually moving very fast even though 
we don't feel it, because that is something very 
well understood. 


When we try and explain difficult things, like 
quantum mechanics, it's because we don't yet have 
clear ideas about quantum mechanics. In order 
to explain something, one must have digested it 
very, very well. And the second thing is that I write 
books for a general audience and not for specialists, 
and not even for people who are very keen on 
the subject. There are popularisation books on 
fundamental physics that are written for people 
who are very keen on that, so they have a lot of 
detail. I try to take away the details, give as few 
details as possible, and always zoom in to the key 
idea and try to explain as clearly as I can the central 
theme that is understood. Not the why, the how or 
the details. Just the core. 


Dr Carlo Rovelli Hi 


Are there any experiments coming up that you 


are looking forward to and think could explain 
such mysteries? 

Until not long ago, I had two dreams. One is that 
gravitational waves are detected and the other that 
we could see a black hole. But this has happened! 
It's fantastic! 1 am now working on the future of 
black holes. What happens inside the black holes 
and how they transform in the future, and we're 
working with this possibility that black holes 
transform into white holes. So my dream now is to 
see effects of this black-to-white transformation and 
see some astrophysical signal that could confirm 
that this happens. 
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0 there you are, about to leap into 
a black hole. What could possibly 
; await should - against all odds - you 
: somehow survive? Where would you 
iafe MU) Mint MV are1 a lal 1am 1m (ello e LU ole) 
to regale if you managed to-¢lamour your way back? 
Pho) e-em alee te. 
Professor Richard Massey explains, “Who knows?” 
As Royal Society research fellow at the aches 
Computational Cosmology at Durham University, he 
is fully. aware that the mysteries of black-holes run 








If you could journey through the conse eres 
monstrous objects, what tales - if any - would you : 
be able to tell? 
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PNT Veici hs) 
impression ofa 
tidal disruption 
event which 
occurs when a 
star passes too 
falosch eect) a 
massive black 
hole 


known that black holes result from the death of a 
massive star leaving behind a small, dense remnant 
core, Assuming this core has more than roughly 
three-times the mass of the 


itself into a single point, or s 
to be the black hole's infinitely den: 
The resulting uninhabitable black 

would have such a powerful gravitational pull 
that not even light could avoid it. So should you 
then find yourself at the event horizon - the point 
at which light and matter can only pass inward, 
as proposed by the German astronomer Karl 
Schwarzschild - there is no escape. As Massey 

ays, tidal forces would reduce your body into 
strands of atoms - or ‘spaghettification’, as it is al 
- and the object would eventually end up 
he idea that you could 


know 


crushed at the singularity. 
pop out somewhere - perhaps at the other side - 
seems utterly fantastical. 

Or is it? Over the years 
looked into the possibility that black holes 


ientists have 


could be wormholes to other galax: hey 
may even be, as some have suggested, a path to 
another universe 

Such an idea has been floating around for some 
time: Einstein teamed up with Nathan Rosen to 
theorise bridges that connect two different points in 
space-time in 1935. But it gained some fresh ground 
in the 1980s when physicist Kip Thorne - one of 
the world's leading experts on the astrophysical 
implications of Einstein's general theory of relati 


“Black holes should be redefined 
as metastable bound states of the 
gravitational field” stephen Hawking 


raised a discussion about whether objects could 
physically travel through them. 

Reading Kip Thorne's popular book about 
wormholes is what first got me excited about 
physics as a chil But the only 
details I can remember are that stable, traversable 
wormholes are very unlikely to exist. To stop a 
wormhole instantly collapsing into an ordinar 
black hole, you need a ring of some weird matter 
that has less than zero mass and therefore repulsive 
gravi nd even if this type of matter happens to 
be manufacturable, shaping it into a ring then needs 
either a huge amount of luck straight after the Big 
Bang, or some very advanced aliens.” 

Indeed, Thorne, who lent his expert advice to 
the production team for the Hollywood movie 
Interstellar, wrote: “We see no objects in our 


universe that could become wormholes as they age,” 


in his 2014 book The Science of Interstellar. He also 
told our sister publication, spac 
through these theoretical tunnels would most likely 
remain science fiction, and there 
firm evidence that a black hole could allow 
such a passage. 

We can't get up close to see for ourselves. 


Why, we can't even take photographs of anything 
that takes place inside a black hole - if light cannot 
escape their huge gravit hing can be 
snapped by a camera. As it stands, theory suggests 
that anything which do 10 beyond the event 
horizon is simply added to the black hole and, 
what's more, because time dis 

this bounda: will appear to take place 
incredibly slow] answers won't be quic! 
forthcoming - to a distant observer, clocks that are 
near a black hole would appear to tick less fast than 
one further aw 

‘| think the standard story is that they lead to the 

ys Douglas Finkbeiner, professor of 

and physics at Harvard Universit 
vill not see their astronaut friend 

fall into the black hole. They'll just get redder and 
fainter as they approach the event horizon [as a 
result of gravitational red shift]. But the friend 
falls right in, to a place beyond ‘forever’. Whatever 
that means.” 

Certainly, if black holes do lead to another part 
of a galaxy or another universe, there would need 
to be something opposite to them on the other 
side. Could this be a white hole - a theory put 





forward by Russian cosmol: 

Igor Novikov in 1964? Nov 

proposed that a blac le links 

to a white hole that exists in the 

past. Unlike a black hole, a white hole 

will allow light and matter to leave. Again, 
unlike black holes, light and matter will not be 
able to enter. 

White holes were said to be evident in 
mysterious invisible radio sources, first spotted 
by Maarten Schmidt, a Caltech astronomer working 
at Palomar Observatory. In 1963 he discovered 
a distant object some 2 billion light years away 

h was shining so bright that it was actually 
greater than the Milky Way in its entirety. The 
object - 3C 273 - was subsequently referred to as 
a quasi-stellar radio source, or quasar, and there 
were later suggestions that quasars were, in fact, 
openings of these proposed white holes 

Very few scientists today believe white holes 
are quasars. But a potential connection between 
black and white holes is still being explored. Carlo 
Rovelli and Hal M. Haggard wrote a paper in 2014 
which claimed to “show that there is a classic 
metric satisfying the Einstein equations outside a 
finite space-time region where matter collapses into 
a black hole and then emerges from a while hole”. 
In other all of the material black holes ha 
swallowed could be spewed out, and black holes 
may become white holes when they die. 

Far from destroying the information that it 
absorbs, the collapse of a black hole would be 
halted. It would instead experience a quantum 
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of relativity 
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Nuclear 
Spectroscopic 
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Where do black holes lead? 


The theories 


Where do scientists believe information 
plunged into a black hole may end up? 


General relativity 


Maelo Rar eel eee ee melee AR een Reo) 
came up with more than 100 years ago. It predicts locations 

where space-time ends and gravity becomes infinite - the point of 
singularity. Gravitational forces beyond the event horizon cause 
yore tlie eRe RVC Reet Am ECOL Cele (em Ce) 


Loop quantum gravity 


LQG merges quantum mechanics and general relativity and seeks 
to show that singularities cannot exist. Instead, the theory predicts 
that a funnel exists that leads to another branch of the space-time, 
perhaps creating an entry point to another universe. It means 
UME eel a eee MSNA eRe Roto 


Black holes disappear 


Stephen Hawking suggested in 1974 that black holes eventually 
evaporate. They emit particles - or Hawking radiation - which 
eventually causes enough energy and mass to be lost. Earlier 
this year physicists tested this theory in a lab using Bose-Einstein 
concentrate made of gas and particles cooled to near absolute 
zero. It found what was captured would trickle away. 


No-hair theorem debunked 


CNM eR eet Rae em eC eR a 
fell into a black hole would be erased: only details of the mass, 
charge and angular momentum would survive. But string theory 
suggested information cannot be lost. Hawking and other scientists 
found black holes have ‘soft hair’ - low-energy quantum excitations 
which release information when black holes evaporate. 
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The white hole 


Nobody. has ever seen a reverse 
black hole’ but what could they 
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Spewing out 

White holes are thought to 
ee Ms ee 0a ae 
matter absorbed by a black hole 
is emitted rather than absorbed. 
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black holes transition to 
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that a wormhole may even 
connect the two: the so-called 
Einstein-Rosen bridge. 





Loss of information 
With black holes, matter enters 





Quantum bounce 


Black holes are dying stars 
(oe) FYecsia-a tare nll g 

CR enema ag 
lee eRe 
cannot get any smaller? An 
outward pressure called 

a quantum bounce could 
create a white hole. 


bounce, allowing information to escape. Should this 
be the case, it would shed some light on a proposal 
by former Cambridge University cosmologist and 
theoretical physicist Stephen Hawking who, in the 
1970s, explored the possibility that black holes emit 
particles and radiation - thermal heat - as a result of 
quantum fluctuations. 

“Hawking said a black hole doesn't last forever,” 
explains Finkbeiner. Indeed, the acclaimed scientist 
calculated that the radiation would cause a black 
hole to lose energy, shrink and disappear in a 
paper published in 1976, called The Breakdown of 
Predictability in Gravitational Collapse. Given his 
claims that the radiation emitted would be random 
and contain no information about what had fallen 
in, the black hole, upon its explosion, would mean 

f information being forever erased 

his put it at odds with quantum theory, which 

information can't be destroyed. Physics 

s information just becomes more difficult to 

should it become lost, it becomes 
now the past or the future. 
Hawking's idea led to the ‘black hole information 
paradox’ and it has long puzzled scientists. Some 
aid Hawking was simply wrong, and the man 
f even declared he had made an error during 
a scientific conference in Dublin in 2004. 

) does that back the concept of black holes 
emitting preserved information and throwing it 
back out via a white hole? Maybe. Jorge Pullin at 
Louisiana State University and Rodolfo Gambini 
at the University of the Republic in Montevideo, 


“Falling through an 
event horizon is 
passing beyond the 
veil -nobody could 
send a message 
back” Richard Massey 


Uruguay, applied loop quantum gravity to a black 
hole in 2013 and found that gravity increased 
towards the core but reduced and plonked whatever 
was entering into another region of the universe, 
lending extra credence to the idea of black holes 
serving as a portal. 

In this study singularit 
doesn't form an impenetrable barrier that ends up 
crushing whatever it encounters. It also means that 
information doesn't disappear. 

Yet physicists Ahmed Almheiri, Donald 
Marolf, Joseph Polchinski and James Sully 
still believed Hawking could have been on to 
something. They worked on a theory that became 
known as the AMPS firewall or the black hole 









Black hole in reverse 
A white hole is the opposite 


but nothing leaves. Once 
something - even light - reaches 
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ne lure) t= » horizon, nothing would be able 
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firewall hypothesis. By their calculations, quantum 
mechanics could feasibly turn the event horizon 
into a giant wall of fire and that anything coming 
into contact would burn in an instant. In that 
sense, black holes lead nowhere because nothing 
could ever get inside. 
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, Violates Einstein's general theory 
of relativity. Someone crossing the event horizon 
shouldn't actually feel any great hardship because 
an object would be in free fall and, based on the 
equivalence principle, that object - or person - 
would not feel the extreme effects of gravity. It 
should follow the laws of physics present elsewhere 
in the universe, but even if it didn't go against 
Einstein's principle it would undermine quantum 
field theory or suggest information can actually be 
lost. Scientists sought a viable explanation. 

Step forward Hawking once more. In 2014 he 
wrote a paper called Information and Weather 
Forecasting for Black Holes in which he eschewed 
the existence of an event horizon - meaning there is 
nothing there to burn - saying gravitational collapse 


to move away from the core of the black hole, and 
would persist for a ‘period of time’. In his rethinking 
apparent horizons temporarily retain matter and 
energy before dissolving and releasing them later 
down the line. The explanation best fits with 
quantum theory - which says information can't be 
destroyed - and, if it was ever proven, it suggests 
that anything could escape from a black hole. 

Hawking went as far saying black holes may 
not even exist. “Black holes should be redefined 
as metastable bound states of the gravitational 
field,” he wrote. There would be no singularity, and 
while the apparent field would move inwards due 
to gravity, it would never reach the centre and be 
consolidated within a dense mass. 

And yet anything which is emitted will not be in 


Where do black holes lead? 


Singularity 


Black hole 


Singularity 


the form of the information swallowed. It would not 
be possible to figure out what went in by looking at 


would produce an ‘apparent horizon’ instead. 
s horizon would suspend light rays trying 











General relativity - Einstein's key theory 
Albert Einstein's equations were shown to predict 
the existence of massive, dense objects from which 
nothing could escape: black holes, in other words. 
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based on their mass. - = 


Bluffer's guide to black holes 


Explaining the key jargon and concepts that are essential in 
understanding these high-gravity objects 










Quasars - bright cores 


at the centre of galaxies 
Quasars are the hottest and brightest 
cores of distant galaxies, emitting 
huge amounts of energy and 
appearing like stars in a telescope. 
They contain and produce their 
nem tie) lag 
holes at their centre. 


Singularity - the centre 
of a black hole 
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theoretical point at the centre 

of a black hole. It is here where 
the known laws of physics cease 
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Event horizon - 
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horizon of a black hole 
and you're standing at 
a boundary ablaze with 
energy, beyond which 
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of an escape. 


Different types of black holes 
There are three main types of black hole. 
Primordial ones formed soon after the Big 
Bang, while stellar black holes form from 
the collapse of massive stars and are most 
common. Supermassive black holes have 
masses greater than a million Suns. 


Escape velocity - gathering speed 
You'd have to be travelling at some speed if 
you wanted to escape the gravitational pull 
of a black hole. The minimum speed is known 
as the escape velocity and, in this case, it is 
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what is coming out, which causes problems of its 
own - not least for, say, a human who ever found 
themselves in such an alarming position... they'd 
never feel the same again! 

One thing's for sure, this particular mystery is 
going to swallow up many more scientific hours 
for a long time to come. Rovelli and Francesca 
Vidotto recently suggested a component of dark 
matter could be formed by remnants of evaporated 
black holes, and Hawking's paper on black holes 
and ‘soft hair’ was released in 2018 which describes 
information about particles being left around the 
point of no return, the event horizon - an idea that 
shows information is not lost but captured. 

This flew in the face of the no-hair theorem 
which was expressed by physicist John Archibald 
Wheeler and worked on the basis that two black 
holes would be indistinguishable to an observer 
because none of the special particle physics 
pseudo-charges would be conserved. It's an idea 
that has got scientists talking, but there is some 
way to go before it's seen as the answer for where 
black holes lead. If only we could find a way, to leap 
into one. 





Collecting data 

The information collected is 
Eel cCe Mel aMarceRe LRN LK 
then physically sent to a central 
processing department where 
they're combined and run 
through a super computer. The 
combination of the data forms 
an image using algorithms. 


Getting up close 
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virtual telescope the size of Earth. Such a 
large interferometer is needed because 
the black holes - despite their size - appear 
tiny when viewed from our planet 


Network of telescopes 


The Event Horizon Telescope (EHT) is an 
Teale Mel eee Rehr Lele) 
dishes around Earth, such as this one located 
on Pico Veleta in Andalucia, Spain. 


stration by Adrian MAnn; ESO 


On the lookout 


Event Horizon 
Telescope 























The EHT has focused on SgrA*, the black hole at 
the centre of the Milky Way, as well as M87 in the 
Virgo constellation. Eight telescopes were recently 
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capture an image of a 


black hole 


Remaining stable 
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picture of the event horizon 
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too dark. The dishes collect 
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radio waves and need to 

be perfectly synced so that 
their recordings can be 
aligned. For this they use 
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Man on the Moon 50" Anniversary 
a 1969 Jersey perspective 


Relive the historic moon landing with these fascinating collectables 
from Jersey Post. 

The Apollo 11 lunar mission is remembered as one of the world’s 
most significant historical events. On 20" July 1969, man’s first 
landing on the surface of the moon was watched on television by 
an audience of over half a billion people worldwide. Television, radio 
and newspapers broadcast and reported on each day of the 
mission and this was the same in the Channel Island of Jersey. 

Six stamps and a Miniature Sheet, illustrated by. 
acclaimed aviation artist Keith Burns, depict key parts 
of the mission, together with a newspaper headline 

or quote as reported by the Jersey Evening Post. 





Man on the Moon 
50" Anniversary 








Visit the website to see our full range and to order online. mur 
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The Space Race 
by Sarah Cruddas 


FREE when you subscribe to All About Space 
sii i. 








Subscribe by 15 August for our exclusive offer 


“The Space Race reveals all of the big questions about space travel. Author Sarah 
Cruddas brings to life the hidden stories behind the most famous space missions before 
taking the reader on a journey through the future of exploration of the cosmos. 

“Propelled by recent scientific discoveries and printed to coincide with the 50th 
anniversary of the Apollo 11 Moon landing, The Space Race is essential to understanding 
every aspect of the history, and future and of human space travel.” 

Gemma Lavender, Editor-in-Chief 
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is not just a barren ball of rock and i oe 


luto is Serettty the most famous of 
EUR Kel Tasco 
fighting in its corner to get back its 
Cle ee Menem mien ad 
darkest depths of the Solar System, the Kuiper Belt, 
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the Sun, which is-roughly 40-times the Earth-Sun 
Celene om a Met Ueno Mao) 
aus ume ee tel 1930 ae 
PPA rece neural by the name of al 
Tombaugh. Although Tombaugh discovered the 
CoN Ta oor Lal em ta Mel Tel Col ML na (0) Cod ceo Co) 
an 11-year-old girl from Oxford, England, called * 
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. be named after the Roman god of the underworld, 
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Pane t reaching EERE ey eke tcc) 
“Celsius (-400 degrees Fahrenheit). 1 
Its enormous distance from the Sun leads to 
Pluto having an equally enormous year - it takes 248 
Earth years to complete one orbit. To put that into 
A Conca mae) completed an orbit this year, then 
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“a clue about Pluto, and French astronomer Charles 
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2006 when the Interriational Astronomical Union 
Ciena Ren CueRome Eee a) fasta 
Efe] a RNA RU] Ve sora a Mel n NP 910 
Tey stro ORSON (NY Ce (MELE ] Aaya aol Toe 
thirds. the sizeof the Moon and half the width of the 
United States. Although Pluto had eee ane) 
AULD Parenti] telescopes, and.even NASA/ 
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physical characteristics weren't apparent unti! it 
had its one-and-dnly flyby by NASA's New Horizons 
spacecraft, launched in 2006. 
* After the flyby in 2015 the surfact®of Pluto came 


- into marvellous resolution, and many people of Earth 
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imagination,” says Alan Stern, New Horizons principal 
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in Boulder, Colorado, United States. “Everywhere we 
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they noticed a-host of mountains, valleys, plains 
and craters, but the plains of frozen nitrogen gas 
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be some sort of surface replenishment - passibly 
material spraying from:a subsurface ocean. All of this 
was possible to see with Pluto's virtually nonexistent 
Pen ureeuse eeu celle mem 
with traces of methane and carbon monoxide. 
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Collision between Pluto-and an object of 
similar size billions of years ago. Charon 
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the largest moon relative to its host. In 
., fact, thé Pluto-Charon double act can 
sometimes be referred to oo double 
planet system. 
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Dwarf planet profile Pluto 


Pluto catch-up 


Warming the heart of Pluto 


When New Horizons flew past Pluto in 2015, it shattered perceptions of a dull, rocky 
ball and opened astronomers’ eyes to the idea this could be an active world. On its flyby 
the spacecraft revealed a heart-shaped region in the northern hemisphere of the dwarf 
planet known as Tombaugh Regio. After studying data on this region, astronomers have 
found evidence for a subsurface ocean existing under the layer of nitrogen ice. 


“This could mean there are more oceans in the universe than previously thought, 
making the existence of extraterrestrial life more plausible,” says Shunichi Kamata of 
Hokkaido University in Japan. This study suggests that there is a layer of gas hydrates - 
ice-like solids composed of gases trapped in molecular water - that insulates that region 
of Pluto, which prevents freezing within its interior. Ocean worlds are an exciting area of 
research in the Solar System because it means that one of the fundamental needs for life 


is abundant beyond our home planet. It could mean that extraterrestrial life could exist SAE. EE ys 


elsewhere in the Solar System. Tombaugh Regio is rich wit th nitrogen, 
carbon monoxide and methane-ices 





Re-opening the planetary discussion 


29 April 2019 saw an informal vote about whether Pluto should be reinstated as a planet or 
remain a dwarf planet. This vote saw the inclusion of experts on the matter, including NASA's 
New Horizons principal investigator Alan Stern and the former president of the International 
Astronomical Union (IAU) Ron Ekers. 

It was the IAU that stripped Pluto of its planetary status in 2006. One of the main criteria that 
denotes a planet was it having “cleared the neighbourhood around its orbit", but as Pluto crosses 
the orbit of Neptune it did not meet this requirement. This decision was made after a long-winded 
process of deciding what should define a planet by the IAU, but sadly Pluto did not reach said 
criteria, argued Ekers. 

When Stern took to the stage, he argued that Pluto is much more of a world - with oceans, 
mountains and glaciers just to name some features - and that it is much harder to clear an orbit 
: Oe ree ae Neptune than it is closer to the Sun. After the debate a vote was taken; 

people voted in favour of keeping Pluto as a dw i i 

Eee ee tent oane ping dwarf planet, whereas a whopping 130 voted in 
planet until 2006 






“The complexity of the Pluto 
eee eaeaoee l= ond our 
wildest imagination. verywhere 
we turn are new mysteries" 


Ammonia makes Pluto look younger 


Ammonia - a nitrogen atom with three hydrogen atoms branching off - is a building block of 
life and a welcome sight to astronomers. ‘As ammonia is a key compound for life as we know 
it, when it is seen on other planets or other bodies, it ticks an important box when looking 
for what makes a world habitable. Obviously Pluto has many things going against it in terms 
of habitability - its tiny size, its huge distance from the Sun, relatively no atmosphere and so 
on - but ammonia is enough to gain the attention of many astrobiologists. 

This compound, however, is short-lived on such an exposed body. In the words of Cristina 
Dalle Ore, a planetary scientist at NASA’s Ames Research Center in Moffett Field, California, 
United States, ammonia “is a fragile molecule and gets destroyed by ultraviolet irradiation as 
well as cosmic rays. Therefore, n found on a surface it implies that it had been emplaced 
there relatively recently, some million years before.” 

Therefore there must be some form of geological activity depositing ammonia onto 
the surface. Whether there is recent volcanic activity, active vents or whatever gateway 
there may be between the surface and the potential subsurface ocean, astronomers are 
now determined to find out how ammonia is getting to the surface to make Pluto 
look younger. 


Cryovolcanism - volatile erupting volcanoes 
- could be dispersing ammonia on the surface 





Exploring the past and future of Pluto 


Due to the enormous distance to 
Pluto, exploration has been minimal. 
For a long time any observations 
relied on Earth-based telescopes, 
particularly Hubble, which produced 
the highest resolution maps of the 
dwarf planet in 2002 to 2003. 

NASA, however, deemed this not 
quite good enough, choosing to 
send a space probe to Pluto and see 
what it was all about. New Horizons 
was the project chosen to do so and 
was launched on 19 January 2006, 
beginning its nine-year journey to 
Pluto. When it arrived in July of 2015, 
New Horizons flew as close as 12,500 
kilometres (7,800 miles) to the planet 
and revealed an incredibly interesting 
surface. Upon closer inspection of the 
data the New Horizons team found 
potential evidence of a subsurface 
ocean, not just water-ice frozen under 
the face of the dwarf planet. This 
could have amazing repercussions in 
understanding how water exists in the 
Solar System. 
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desperate to learn as much about 
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which could soon be picked up by 
the aerospace engineering company 


Global Aerospace Corporation (GAC), 


who are interested in creating the 
‘Pluto Hopper’. 

The idea behind this hopper is to 
drop a lander onto the surface of 
Pluto using an inflatable balloon to 
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The ‘Pluto Hopper is still 
eM tekelcotailels ere ke 
its mission 


*-a@ 
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incredibly thin atmosphere. It also 
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cent of Earth's - and the spacecraft 
would have to slow down a lot as it 
ET ee ana oLLe Meno lem Un od 
are hard obstacles to overcome when 
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of the tiny dwarf planet, they are 
doable, and scientists and engineers 
are continuing to work out how to get 
back to Pluto one day. 





Pluto's facts and stats 


153 


One day on Pluto takes 153 
hours. It has a retrograde 
rotation, meaning it spins 

from east to west. 





1/900 


The Sun would be 1/900 ti 
brightness on Pluto than it 
is on Earth, equal to 
300-times the brightness 


of a full Moon. 


NASA's New Horizons was 
the fastest man-made object 
launched from Earth at 
16.26 kilometres (10.10 miles) 
per second. 


Pluto's mountains can reach as 
high as two to three kilometres 
(6,500 to 9,800 feet) and 
are essentially composed 
of water ice. 


Charon, Pluto's largest moon, 
also takes 153 hours to 
complete one orbit around 
Pluto, meaning this moon 
never rises or sets. 





There is no evidence to suggest 
Pluto has a magnetosphere, 
but its small size and 
slow rotation suggests 
it is unlikely. 
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that returned unbelievable data 
about the dwarf planet. 


It takes 5.5 hours for sunlight 
to reach Pluto, as light has to 
travel 40-times as far than 
it does to Earth. 
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Can planets : — 
form around : — 
dead stars? al 
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The majority of stars will end their lives as white dwarfs, and it is 
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While neutron stars can be formed through multiple channels, _ 
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ripped apart.and formed an accretion disc around PSR B1257+12. This 
disc not only spun up the neutron star, which rotates around 160 
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Did 
you know? 


As of June 2019, there are 4,071 
confirmed planets in 3,043 
different systems. Over 
650 systems have been 
confirmed to host 
multiple 
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Ask Space (i 


Neen 
Where do humans truly originate from? 
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hot enough - millions of degrees hot - that a nuclear fusion reaction 

is going on. Little tiny atoms of hydrogen - hydrogen is the smallest, 

simplest atom - ram together in a nuclear fusion reaction, and they 

make bigger and bigger atoms. The star gets energy out of that, and 

AMES eke) MaDe 
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hydrogen and helium. 

Eventually all the hydrogen inside the core is depleted, and then 

the star dies. Stars like the Sun unravel gently back into space, and all 

of those wonderful new atoms and elements that it created are being 

Col (ilo) fe oye Coan eer (a) 

The death isn't quite so gentle. In fact, it explodes violently in a 

supernova explosion. The amazing thing about supernovae, these 

ite) lalate (=r aR L118 Ole CoO 

created in this more violent explosion. Iron is the element that . 

makes our blood red; iron combined with oxygen gives you red e 5 | : ‘y 

blood. You better believe - it's actually true - that whenever | , 7 3 . pr. 

bleed, | think about how the iron that makes my blood red was : " ‘ N ’ Gf 

created the instant the star died. Your body literally had to be forged 
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Michelle Thaller is assistant director for science : age a a 
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ASTRONOMY 


Why are the conditions in Antarctica ideal for looking at the 
Cosmic Microwave Background (CMB)? 





The CMB is made up of photons from the primeval _ that’s done at great expense and great risk. It's don’t want these photons that are so precious to us, 

oven that the universe forged the first elements almost 100-times more expensive if we wanted to and so few, travelling across the universe, and all of 

in. These are the lightest elements, and when put BICEP2 in space than the way we built it atthe | asudden they smash into a water molecule in our 

they were formed the leftover binding energy of South Pole. atmosphere. That's no good. All of our microwave 

formation was released as a form of heat. That heat Microwaves are efficient absorbers of water, telescopes need to be built at high elevation, in 

propagated throughout the universe for 13.8 billion and water is very much present in the Earth's very cold climates or both. 

years until it arrived at our telescopes. atmosphere. The atmosphere above the South Pole Brian Keating is professor of physics 
My community has built three satellites, so far, is very space-like - it's very desert-like. There are " and astronomy at the University of 

that have been to space to study the CMB, and very few water molecules in the atmosphere. We California, San Diego 

The South 

Pole Telescope 
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What's so 
fascinating about 
Rosetta's comet? 

a an 


It is a fantastically diverse object. It had this very 
significant bilobed nature not uncommon in 
comets, but it really was striking with this duck 
shape. With regards to the surface features and the 
material we found, it kind of has all the bits of all 
the comets we've ever observed, and they were all 
in one comet that we were able to study. 

The reason we study them? Because we look at 
them as treasure chests of what the Solar System 
was like at its beginning. In fact, some of the stuff 
we were looking at with Rosetta, for instance the 
oxygen molecules we discovered on the comet, 
that was a surprise to us. Because it's there, it 
constrains how we believe the comet actually 
formed, so it actually says something about the 
protostellar cloud. It could be that there is material 
in that comet that predates the formation of the 
Sun. So just from studying this funny, duck-shaped 
object, to me it's mind-blowing that you can 
make that connection to the entire Solar System's 

formation. That's why. 
Matt Taylor is the project scientist of 
ESA's Rosetta mission 
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Comet 67P/ 
Churyumov- 
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The James Webb's mirror is entirely 
covered in a thin layer of gold, 
which will allow the telescope 

to 'see’ in infrared and reveal 
the unseen universe. 





SPACE EXPLORATION 


Is it possible to fly drones over Mars remotely? 





It would not really be possible to fly a Mars drone from 
Earth - at least not the way we normally think. On Earth 
we look either at the drone or at video it sends back and 
directly control it, like we're driving a car. But we don't 
have the ability to constantly communicate with things 
at Mars - the Deep Space Network, the set of antennae we 
use to communicate, is shared for all our spacecraft, and 
no one can use it all the time. 

But even if that weren't the case, Mars is pretty 
far away. One-way radio signals take four to 23 minutes to 
arrive. By the time the drone sees something it would be at 
least eight minutes, and could be up to 46 minutes before 


you respond to it! However, if you had a ‘smart’ drone, like 
the Mars rovers, you could send commands a few times 
a day to have the drone do large-scale activities that were 
preprogrammed. 
The drone could carry out tasks like “fly to this 
place, take pictures and come back” on their own, while 
self-monitoring for problems. This is risky, because if 
something goes wrong you can't respond immediately, but 
it would allow you to command from Earth. 
Ashley Stroupe is a staff engineer at NASA's 
Jet Propulsion Laboratory in Pasadena, 
California, United States 
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_ NASA SPACECRAFT 
SPOTS STAR TREK 





LOGO ON MARS 


Science-fiction fans will recognise the logo’shaped by dunes, lava and:wind 


Reported by Elizabeth Howell 


t looks like Starfleet is embedded on 
the planet next door: a dune in the 
shape of the famous logo from Star Trek 
appears prominently in a new picture 
from the Mars Reconnaissance Orbiter (MRO). Even 
Captain Kirk himself, William Shatner, weighed in. 
Don't expect to find Spock, Jean-Luc Picard or 
Michael Burnham squatting nearby, however. Just 
like the famous ‘face on Mars’, this Starfleet logo 
was produced by random chance as wind, lava and 
other forces sculpted the Martian landscape. 
"Enterprising viewers will make the discovery 
that these features look conspicuously like a famous 
logo," the University of Arizona, which manages 
the MRO HiRISE (High Resolution Imaging Science 
Experiment) camera, said in a statement. "You'd be 
right, but it's only a coincidence." 
The dune feature is located in Hellas Planitia, 
a large plain within the Hellas impact basin in 


46 


the southern hemisphere of 

the Red Planet. An interaction of 

dunes, lava and wind formed the 
chevron shape visible in the picture, 
according to the statement. The MRO 
has photographed many other chevrons 
on Mars, so we're guessing this is not the 
first time it spotted one shaped like a 
Star Trek logo. 

Scientists working with the HiRISE instrument 
have spent years studying the features they see 
in Mars images, and they think they have a good 
sense of how this particular shape came to be. The 
story starts with crescent-shaped sand dunes where 
wind and surface interacted. 

Then came lava. Eruptions spilled the molten 
substance across the area surrounding the dunes, 
but it wasn't thick enough to cover them entirely. 
And when the lava cooled, the sand dunes 
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remained, “stuck up like islands’, 
according to the statement. 
“However, they were still just 
dunes, and the wind continued 
to blow," the statement continued. 
"Eventually the sand piles that were 
the dunes migrated away, leaving these 
‘footprints’ in the lava plain. These are also called 
‘dune casts’ and record the presence of dunes that 
were surrounded by lava.” 
While the Star Trek feature is a coincidence, 
we can truly say that the MRO has lived long and 
prospered, as the Trekkie saying goes, at the Red 
Planet. The orbiter has been sending back high- 
resolution imagery for 13 years, well past its design 
lifetime. It serves as a vital communications relay 
for NASA's Curiosity rover and InSight lander and is 
expected to support the Mars 2020 rover mission 
when that craft lands on the Red Planet. 


NASA/JPL-Caltech/University of Arizona; CBS Photo Archive / Getty 
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“Transportive ... immersive.” 


SUL ae 


“Eight Years to the Moon takes us behind the scenes to many places we've never 
been before!” 


= i E | E N iN | N G, correspondent, CBSNews Radio 


Ee) a) mi PMMA msc 1e S Ee) 


Ten AUC 


Sm ecg , : : ee oe 
Gj ore taabatca dolomite 
_ The Hertzsprung-Russell diagram 


astronomer's mind.can tellusalotaboutthe = Bn 
different stars that exist in the cosmos i 


pm a ea-s-l Aan 0 LO aM re) ge) unl Ss 

Paes eT As Cup AS ~ 10,000 

placed stars in a plot ofa measure of % 

a star's luminosity - the amount of. 
COPE ELM nis Cokie) aimee ny ee 
against'a measure of the star's surface temperature. 
Such a plot is now called a Hertzsprung-Russell 
diagram (HRD). The HRD has stimulated astronomers 
TOM artime ae este Tare ia Mel TSM ANY Cer] el keLe 
responsible for the observed structure and evolution 
Colello UCC] M elem em LC) 5 5 
eMC aU te eal Snel ares} 
and distances. 5 : s 

The position of a star in the HRD depends mainly 
MMU See M Rete NCC ee cley 
ROTM NOMURA Loe Me eo 
Main sequence stars are. in the longest-lived stage 
fo) etn WV0) UL e ame NUN MM IO wm 
Cet (e aie Meena MN (ele) Ce tne} 

CTA Co Tn eRe 1M Mole] 4014] ; 4 About 90 per cent of stars 
ORME eects a . throughout the universe, including 
BUM N ueoeie ee Reg oe Ca our own Sun;are ma sequence 

elem a Kn Reel) Pa R cas Pas They can range in eee 

‘ 2 a tom a tenth to up to 100-times as 
Cua Lne-13 101g eM LBL CM Le 8 COLO massive as the Sun. 

IE eee 1c Meee) (eM Mela 

massive stats, of masses 100-times that of the Sun, 
EMU Mele MINOR eC nM ele Uae) 
and are at the top of the main sequence, They are 
fe) (eM ame) elt 2 , 

NVI UM UMN ser ume mC cet U 
ene tne N ule eC oleX tea MEM UM asc) 
moves away from the main sequence. Seino 
TEES mom esl Me eel ae BC el 
like. Arcturus in the constellation of Bodtes (the 
Herdsman). In red-giant stars the fusion of hydrogen 
to helium occurs in a region just E 
Mi cris ee Reclatee Reel Mo mur TNy 
UTI (ane tela cTe(elar 
ere) ESIC) Fara 
Clee dal hore eeele) ac 
remnants called white dwarfs. Stars 
SMe ALOR IR UELE} 
in cMSU aM el -tee lan ae) (8 (tO ypc 
EleR al -uMC eet ee 
Betelgeuse in the constellation of 
Orion (the Hunter). These stars 
OTM Ine Mn AEM IE] Ll e) 2) 
explosions, leaving a remnant: 
neutron star or possibly a high- : 
gravity black hole. 














Mates (Sun=1) 





(eK) 





White dwarfs signify the end of a 
star's life. They lie in a predictable 
section of the HRD as they are 
incredibly massive - about the 
mass of the Sun - but are packed 
into a star not much bigger than 
the radius of the Earth. 
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These colossal stars are much more 
massive than the Sun - ranging 
between 10 and 70 solar masses - 
but live relatively shorter lives, only 
remaining in this state between 

30 million and just a few hundred 
thousand years. 


This category of star is a main 
sequence star that has depleted its 
hydrogen fuel source in the core. 
The star begins to swell as the 
fusion of hydrogen moves to the 
outer layers. 
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Temperature (Kelvin) / Stellar classification . 





ord (Cd 


These high-quality Corgi 


ite ( Mle Ma-te(-aols 


ero le Amie Lil: bd 
included as soon as 
you get them home! 


€S90647 Apollo Command 
Scale FTB length 70mm £12.99 
POT piu Re CORE RCN OLA CRMC 
Sass MOCO Murs CM oct RoR MC MUL er MR ol ls Ca aT) 
Pea Re ea OMB Me | 
et uR NR 


eer 


ee rr RR a nr am rae a 
CTU MCR oe AM RUN Ts) 


Tere Eee 


€S90646 Apollo Lunar Module 


Scale FTB Length 52mm £12.99 


ONO aun Reel Re) 


BROT Laver Mei RR Meee el RR 4a ae eek 


Teen RC RM Ra eR uC Rd it Rp acu RUC 
SMe rduye eM OC CR Rod sae er Cd 
Armstrong when a circuit breaker was damaged by the team. By jamming a biro in 


Cee CRC RCC RuCl: CoRR CCRC e Cleat Uy 


Never underestimate 


the humble Biro pen 





sm Tube /officialcorgi 


fl @corgi 


| £ eee letter 









“One small step for A man, one giant leap for mankind”, 
words spoken by Neil Armstrong, the first human to walk on 
the moon. Those moments of the 21* July 1969 will resonate, 
entertain and inspire generations to come. 


2019 celebrates the 50" anniversary of the Apollo 11 landing 
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A posthumous paper ‘by Stephen Hawking cuts & 
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End of the multiverse 


he universe, by definition, c 

everything we can see. That's not 

just what we can see with our eyes, 

but everything within range of our 
telescopes and other scientific instruments. The 
universe is what astronomers study, but there's 
one sub-branch of astronomy - cosmology - which 
specifically deals with the structure and evolution 
of the universe on the largest possible scales. The 
aim of cosmologists is to seek out the simplest 
theory which adequately explains everything we 
can see. But the subject took an unexpected turn 
during the 1980s when that ‘simplest theory’ began 
to look distinctly bizarre. It implied the existence of 
an infinite number of other universes - some v 
similar to our own, others so different they don't 
even obey the same laws of phys According 
to this theory we live in an unimaginab 

the whole of the visible 
universe is merely an infinitesimally small part. 
The idea was controversial, to say the least. Some 
people loved it - the sci-fi community, for example, 
which had already been talking about ‘parallel 
universes’ for decades. In fact, Isaac Asimov's classic 
novel The Gods Themselves, first published in 197. 
even speculated that some of the other universe 
might have different values of the fundamental 
physical constants - invariant numbers which 
specify things like the strength of gravity and 
nuclear forces. And now the real-world multiverse 
theory was saying exactly the same thing. 
Other people who took to the multiverse theory 

were philosophers, who had always been perple> 
as to why those fundamental co! nts have the 
precise values they do. That's not just an abstract 
academic problem, but an acute existential one. 
If the numbers were even slightly different, the 


Our universe appears 
‘fine-tuned’ to 
produce planets, 
Pelee riegenl eben 
other universes 
might be different 


7 Naas cso” 
the dimensions of the 
noe 


familiar chemistry and biology 
of our own universe - the very 
Teason we ourselves exist - just wouldn't happen. 
But if there are infinitely many universes, then all 
possible combinations of constants are possible - 
and we simply got the one that works for u 

There were opposing views, too. For a start, the 
concept of an infinite number of universes is a 
disquieting one. If there's literally no limit to the 
universes that can exist, then anything is possible. 
As well as outlandishly different ones, there'll be 
countless universes which diverge from our own 
in the tiniest details - one in which you become 
president of the United States, for example. Some 
scientists hate that idea because it effectively 
destroys their job, which is to explain why the 
universe is the way it is. If anything can happen 

and does happen somewhere in the multivers 


s left to explain? 
Other scientists dislike the concept 
of ‘other universes’ because, by 
definition, we can never observe them. 
The only way to test the multiverse theory is to 
look for its indirect effects - and those effects migh 
have equally good alternative explanations. 

There's now another argument against the 
multiverse theory. The very line of reasoning that 
implied that it's unavoidable may have been flawed. 
This new argument com impeccably high 
authority - legendary physicist Stephen Hawkin; 
Days before he died in March last year, the Journal 
of High Energy Phy eceived a paper that he'd 
co-written with Belgian cosmologist Thomas 
Hertog. In its own words, the paper proposed “a 
significant reduction of the multiverse to a much 
more limited set of possible universes". 


© Nicholas Froder 









The new 
Hawking-Hertog 
theory suggests 
that the number 
- and variety - 
of universes is 
much smaller 
than previously 
thought. 
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What is the multiverse? 
According to the theory, our universe is 
just one of many 


Most of the multiverse is a 
featureless continuum ina 
perpetual state of headlong 
expansion, or ‘inflation’. 


The multiverse exists in three spatial 
dimensions - two are shown here 

- plus one time dimension, running 
vertically in this visualisation. 


Britain's Astronomer Royal 

is a pillar of the scientific 
establishment, and an advocate 
of the multiverse theory. “What 
we've traditionally called the 
universe - the aftermath of 
‘our’ Big Bang - may be just one 
island, just one patch of space 
and time, in a perhaps infinite 
archipelago,” he wrote last year. 
Lord Martin Rees 
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New universes can pop up at 
any time, so some are smaller 
and younger than ours. 


Some universes are 
expanding even slower 
ours, so they eventually 
fall back on themselves 
and self-destruct. 


Periodically, universes drop 
out of the inflationary phase, 
allowing stars and planets to 
form inside them. 


Although much slower than 
inflation, the continuing expansion 
of our universe makes it look like a 
funnel in space-time. 


The principle behind the 
multiverse, eternal inflation, 
explains many observations, 

but so does Penrose's rival 
theory, called ‘conformal cyclic 
cosmology’. This too involves 
an infinite number of universes, § 
but they're sequential, with | 
the death of one leading to the | 
birth of the next. | 


Professor Sir Roger Penrose 


For and 
against the 
multiverse 


End of the multiverse 


The Hawking-Hertog paper still talks about 
plural ‘universes’, because there are others lying 
beyond the visible horizon of our own universe. 
But those other universes are finite in number 
and - more importantly - they all obey the same 
laws of physics. The result is less a multiverse than 
a scaled-up version of our own familiar universe 
“An ensemble of universes which evolve in a way 
similar to ours,” as Hertog put it. In his final paper 
on cosmology, Hawking may have heralded the end 
of the multiverse theory. The work was motivated 
by the nagging feeling that there's something 
fundamentally ‘unscientific’ about the concept of a 
limitlessly diverse cosmos. As Hawking admitted in 
2017: “I have never been a fan of the multiverse. If 
the scale of different universes in the multiverse is 
large or infinite, the theory can't be tested.” 

It was a situation that Hawking and Hertog 
set out to put right. To quote Hertog: “The key 


challenge facing modern 
fundamental cosmology is 
to turn the multiverse into 
a proper verifiable scientific 
framework. With our paper, we 
take a step in this direction.” 
He goes on to describe the 
background against which the new 
research was done: “The prevailing 
theory of the Big Bang is called eternal 
inflation. It says that out of the Big Bang not 
only our own universe arose, but also many other 
universes - the so-called multiverse. You can 
picture the multiverse as a mosaic of pocket 
universes, somewhat like bubbles in boiling water. 
The laws of physics and chemistry can differ from 
one pocket universe to another. Some pocket 
universes contain stars and harbour life, others 
are nearly empty.” 


“If the scale of different universes in the 
multiverse is large or infinite, the theory 


can't be tested” 
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How we'll use scientific instruments and 
results to detect signs of many universes 


> 


An ESA mission planned for the 
2030s, this would be a giant 
gravitational wave detector made 
up of three spacecraft millions 

of kilometres apart. It will have 

a good chance of detecting 
primordial gravitational waves. 


This sprawling ground-based 
installation revolutionised 
astronomy in 2015 when it first 
detected gravitational waves, but 
it’s still not big enough to detect 
the primordial waves that could 
test the multiverse theory. 






It's this picture - eternal 
inflation - that cosmologists 
have considered pretty much 
inevitable since the 1980s. It 
comes out of Einstein's theory of 
gravity, one of the mainstays of 
modern physics, general relativity. 
The breakthrough that Hawking and 
Hertog made was in realising that this 
wasn't the best methodology to apply to the 
earliest moments of the Big Bang, because at that 
time the physical scale of the universe was so tiny. 
In their view, another branch of modern physics 
- quantum theory - was indispensable to a full 
understanding of the problem. 

Yet the quantum aspects were something 
previous work had tended to gloss over. As Hertog 
explains: “The problem with the usual account 
of eternal inflation is that it assumes an existing 
background universe that evolves according to 
Einstein's theory of general relativity, and treats the 
quantum effects as small fluctuations around this." 
To avoid the same error his work with Hawking 
used string theory, which Hertog describes as 
“a branch of theoretical physics that attempts to 
reconcile general relativity with quantum physics". 


ESA's follow-on 

to WMAP, Planck 
was operational 
from 2009 to 2013, 
remapping the CMB 
with higher sensitivity 
and resolution than 
its predecessor. 

It confirmed both 
the inflation-like 
uniformity and the 
anomalous cold spot. 


Operating between 2001 and 2010, this NASA 
spacecraft mapped the CMB, confirming the 
astonishing uniformity which is a hallmark of 
inflation. It also discovered the ‘cold spot’ - a 
possible collision with a neighbouring universe. 








©NASA 
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When they tried applying string theory 
techniques to cosmology they found that, in 
Hertog’s words: “Time evolution is emergent, not 
built in. In our theory, the universe that evolves in 
time emerges from a timeless state at the Big Bang. 
In our paper we put forward a mathematical model 
for the state of the universe at the beginning. We 
then use this to predict what kind of universes can 
come into existence." 

The result will be good news for anyone who's 
uncomfortable with the infinite diversity of the 
multiverse. There are no weird new laws of physics, 
no random choices of fundamental constants 
in different universes. Instead, as Hertog says, 

“We predict the universe looks roughly the same 
everywhere, whereas this was radically different in 
the old theory of eternal inflation.” 

The new theory has another advantage, too. 
Hertog claims that cutting the multiverse down 
to a smaller range of possible universes “makes 
the theory more predictive and testable”. That's 
obviously a good thing - but it's still a pretty tall 
order. How do you go about proving or disproving 
the existence of other universes? Or discriminating 
between different theories, such as this new one, 
the traditional multiverse of eternal inflation and 
various alternatives that have been put forward, 
like the ‘conformal cyclic cosmology’ of Oxford 
physicist Roger Penrose. One place to look 
for an answer - and the Holy Grail of modern 
observational cosmology - is the cosmic microwave 
background (CMB). 

This is a sea of electromagnetic radiation, 
originating soon after the Big Bang, which 
permeates the whole of space. Observations by 
spacecraft such as NASA‘s Wilkinson Microwave 
Anisotropy Probe (WMAP) and ESA’s Planck 
mission have shown that the CMB is extremely 
uniform all over the sky. In fact this uniformity 


provided the original impetus for the concept of 
inflation - a sudden ballooning of the early universe 
at an enormously greater rate than the far more 
sedate expansion we see today. 

According to the eternal inflation theory, 
this super-fast inflation continues indefinitely 
throughout most of the multiverse, with just small 
bubbles - our own universe being one of them 

switching over to a slower rate of expansion, 
allowing ordinary matter like stars and planets to 
appear. But if our horizon is limited to our own 
bubble universe, how can we hope to observe any 
of the others? 

One possibility is that as our bubble 
expands, it might collide with another adjacent 
bubble. It's been theorised that this could leave 
an imprint on the CMB - a localised region at a 
slightly different temperature from its surroundings. 
As it happens, we do see exactly this sort of thing - 
a ‘cold spot’ that was discovered by WMAP in 
2007, and later confirmed by Planck. The most 
pedestrian explanation for the cold spot would be 
a random statistical fluctuation, but work carried 
out at Durham University in 2017 indicates that 
this is unlikely. 

As Professor Tom Shanks said at the time: “We 
can't entirely rule out that the spot is caused by an 
unlikely fluctuation... but if that isn't the answer, 
then there are more exotic explanations. Perhaps 
the most exciting of these is that the cold spot was 
caused by a collision between our universe and 
another bubble universe. If further, more detailed 
analysis of CMB data proves this to be the case then 
the cold spot might be taken as the first evidence 
for the multiverse - and billions of other universes 
may exist like our own.” 

Aside from the CMB, there's another 
observational possibility in the form of gravitational 
waves. These have become a familiar astronomical 


End of the multiverse 





tool in the last few years, with detections of such 
waves - produced, for example, by merging black 
holes - by the Laser Interferometer Gravitational- 
Wave Observatory (LIGO). On a much larger scale, 
it's likely that gravitational waves would have 
been generated as the universe dropped out of its 
inflationary phase. 

It's a prospect that Hertog is enthusiastic about: 
“The most promising observables, when it comes 
to our local universe, are probably gravitational 
waves - not from the coalescence of black holes, 
but gravitational waves that are probably generated 
at the Big Bang, basically. The creation of space 
and time goes together with the generation of 
gravitational waves in our theory, and perhaps the 
detailed pattern of those gravitational waves will 
give us a key signature of our model.” 

There's a catch, though. Any gravitational waves 
that were produced in the early universe would 
have a very long wavelength, putting them outside 
the capability of LIGO and similar Earth-based 
observatories. But the ESA has plans to put a 
gravitational wave detector into space, in the 
form of the Laser Interferometer Space Antenna, 
or LISA. This would use multiple spacecraft to 
create a huge observatory in orbit around the 
Sun - and, as Hertog says, “should be ideally suited 
to capture those gravitational waves from the 
Big Bang”. 

What will those waves tell us? Do we live 
in an infinite multiverse, a more limited one of 
the type proposed by Hawking and Hertog or a 
solitary universe as envisioned by people like 
Roger Penrose? The answer may come from LISA, 
but we'll have a tantalising wait before it does, 
because the mission won't get of the ground for 
another 15 years. In the meantime it’s not quite the 
end of the multiverse theory yet, but it's certainly 
on a shakier footing than it was a few years ago. 
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EUROPA 


For the last 20 years, astronomers had no idea that something quite 
familiar was present on the face of Jupiter's moon 


uropa, one of Jupiter's Galilean moons, 
has held the attention of astronomers 
since its up-close inspection by 
NASA's Voyager 1 spacecraft in 1979. 
Since that flyby analysis of the moon has painted 
the picture that beneath the icy crust is a salty, 
subsurface ocean - possibly similar to Earth's 
oceans. Now astronomers at Caltech and NASA's Jet 
Propulsion Laboratory (JPL) in Pasadena, California, 
United States, have found sodium chloride - more 
commonly known as table salt - resting on the 
surface. This could have positive implications for 
Europa’s oceans, as table salt is also the main 
compound of sea salt on Earth. 
NASA‘s aforementioned Voyager flyby was 
later followed by NASA's Galileo spacecraft in 
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1997. Galileo was able to obtain up-close data 
Col aU cole Men aM ene e ie atc) 1 
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tell astronomers what the surface is composed 
of. This analysis revealed that the surface showed 
signs of water-ice and what were believed to be 
magnesium sulphates, which are similar to Epsom 
oe 
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not many questioned it. However, recently Caltech 
and JPL decided to take spectrometer data of the 
moon in visible light. This high-resolution data was 
obtained using the W. M. Keck Observatory that sits 
on the dormant volcano Mauna Kea in Hawaii. After 
bag -Me-re-ln an) 1-19 Ce) g Cee) MOU Ne MULTI) 


wasn't actually any sign of magnesium sulphates. 
This had them scratching their heads in confusion. 
“We thought that we might be seeing sodium 
chlorides, but they are essentially featureless in an 
infrared spectrum," says Mike Brown, the Richard 
and Barbara Rosenberg professor of planetary 
astronomy at Caltech. 

At this point Kevin Hand, a scientist at JPL, took 
sample ocean salts and applied them to Europa-like 
conditions. This essentially means they bombarded 
it with radiation. From this Hand discovered that the 
salts had an interesting reaction to the radiation, 
Tuntessta elect -MelM aC MnP =1=4 nae) 
appear yellowish and becoming detectable in the 
visible-light spectrum. This drew comparisons to 
the analysis of Europa, explaining why its Tara Regio 





Alien salt 






“Sodium chloride may 
indicate the ocean floor is 
hydrothermally active” 


Samantha Trumbo 
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iginally unable to detect the sodium chloride. 


After this realisation, NASA/ESA'’s Hubble Space ie Sine 

, rr ‘ h ai oulesmcontea (ig 
a lescope was calle into cay POM role aaa ofthe centre, 
Tara Regio using its visible-light spectrometer and Mec g 
confirmed the presence of table salt. “We've had the INNS: ate) 
capacity to do this analysis with the Hubble Space spacecraft, but 
Telescope for the past 20 years,” Brown said. "It's astronomers 
just that nobody thought to look.” have only 
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into the ocean from rocks on the ocean floor, but errr) 
sodium chloride may indicate the ocean floor is ee 
hydrothermally active," says Samantha Trumbo, the 
lead of the study and a graduate student at Caltech. 
"That would mean Europa is a more geologically 
interesting planetary body than previously believed.” 





©NASA/JPL-Caltech 
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Should we worry about its supeflares? ; 


he mature Sun may still be prone to 

temper tantrums. A new study suggests 

that older stars like the Sun can 

produce superflares - huge bursts of 
energy visible across hundreds of light years. 
Superflares used to be thought of as a younger- 
star phenomenon, researchers said in a statement 
about the new study, but the new work suggests it 
can happen on the Sun at rare intervals, perhaps 
once every few thousand years. 

The Sun is hard to predict on even a daily basis, 
so it's difficult to say when a superflare would occur. 
However, the new work's lead scientist, Yuta Notsu, 

a visiting researcher at the University of Colorado 
Boulder, said this possibility should inspire everyone 
to beef up electronics against radiation. 

"If a superflare occurred 1,000 years ago, it was 
probably no big problem. People may have seen a 
large aurora," Notsu said in a statement, referring to 
the dancing northern or southern lights produced 
by solar particles interacting with molecules 
of Earth's atmosphere. "Now it's a much bigger 
problem because of our electronics.” 

We already know the power of the Sun can knock 
out power lines, electronics and satellites. Coronal 
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mass ejections from the Sun - or large plumes of 
charged particles - have caused issues with our 
infrastructure in the past, such as the extraordinary 
1859 Carrington Event superstorm that affected 
telegraph communications. A superflare, however, 
would be worse. The superflare would be hundreds 
or thousands of times more powerful than the most 
active solar flares recorded. 

"If a superflare erupted from the Sun... Earth 
would likely sit in the path of a wave of high-energy 
radiation. Such a blast could disrupt electronics 
across the globe, causing widespread blackouts 
and shorting out communication satellites in orbit,” 
representatives from the University of Colorado 
Boulder said in the statement. 

The new superflare data came from NASA's 
Kepler space telescope, which looked for planets 
at faraway stars between 2009 and 2018. While 








looking for new worlds, IN COOPERATION are 
Kepler also saw a lot of S PAC 
star activity. It spotted a 

few superflares, moments 

when the starlight would 

suddenly get brighter 
before dimming again. 

Curious about Kepler's findings, the researchers 
looked to the European Space Agency's Gaia 
spacecraft - which studies stellar movements and 
brightnesses across a billion stars - and the Apache 
Point Observatory in New Mexico. 

The two telescopes saw 43 superflares that came 
from stars similar in age and size to our own Sun. 
Statistics from their data show that most superflares 
do come from younger stars, which can flare about 
once a week. Our own Sun is still prone, but just 
once every few thousand years. 





“The Sun is hard to predict on even a 
daily basis, so it's difficult to say when a 
superflare would occur” 
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Future tech Lunar landings 
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technologies that can make every 

aspect of lunar exploration easier, more 

Flee) (RTM ee MK Cle) (me clecntNg 
the government agency awarded a grand total of 
$106 million (approximately £84 million) to 129 
small businesses in the United States to develop 
their own exciting space exploration technologies, 
which will include self-landing spacecraft to fold- 
out solar panels. The 142 accepted proposals will 
Fela CLR MO Cte Bole cM Teele 
with small business involvement, but the world can 
witness the amazing technological advancements 
that have occurred over the last 50 years since the 
landing of Apollo 11. 








THE FUTURE 
OF LUNAR 
BY ioe 


NASA has funded a host of small businesses developing 
new technology that can make landing on the Moon 
safer and more reliable than ever 





This initiative comes courtesy of NASA's Small 
Business Innovation Research (SBIR) program, 
and this cash injection is the reward for these 
businesses reaching its second phase. The first 
phase saw the initial introduction of the technology 
looking to prove its feasibility, whereas this second 
phase is all about the three Ds - development, 
demonstration and delivery. The third and 
final phase will be the commercialisation of the 
innovative products. 
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science and exploration endeavours,” says Jim 
Reuter, acting associate administrator of NASA's 
yee eM lanl ire)ey4 Mesto tm Piel Cole PSY 
diverse community of partners, including small 


Autonomous spacecraft 

Soon there will be no need for a 
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will be capable of carrying large cargo 

safely to the designated landing 
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Powerful magnets 
Anew type of magnet will 
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innovations will help America land the first woman 
and the next man on the Moon in 2024, establish 
ER eel eee Rem ea ee RC 
years later and pursue exciting opportunities for 
going to Mars and beyond.” 

These proposals will cover a range of areas that 
Feo MMU need 8) (ene (lm Ld 
Moon's surface. For instance, there are technologies 
that are being developed that could provide an 
ET oe Am Me Ce 
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of their spacecraft, or even space cargo, to a landing 
SRNL mom 

When the astronauts have touched down they 
ool Mar eM a eeRe ee cee rl aT 
provide maximum power generation with reduced 
mass, costs and storage volume. Once on the 
surface the lunar explorers could examine the 
CMe Mere CR ULE Me aM NU cel tea) 
PSE AUC Wee tate M8 
quarters astronauts could also benefit from the 
use of permanent magnets that can impart a 



















Lunar landings 


“Small businesses play an important 
role in our science and exploration 
endeavours” sim Reuter, nasa 


powerful bond between platforms and allow 
added security when putting tents, habitats 
or bases up. Although it is virtually impossible 
oN ee eee ele em Ld 
technologies will provide a reduce in risk and an 
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eRe ante otal eM eMC 
not only for lunar exploration, but the exploration 
of Mars. With the eventual return to the Moon, 
astronauts and engineers need to test these 
technologies in order to gain confidence before 
they can be trusted to take on a far riskier 
endeavour - habitation of the Red Planet. 
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How technology is-helping us peer to7™ 
the edges of the Site 2) universe . “he 



































| a neutrinos produced just seconds 
icy ECan anes euis 


uF studying the edge of our universe is an 
ing reat for astronomers around the world. And 
z inks to advancements in technology, we know . 
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's just the distances involved are mostly so small 
and light moves so quickly, you will never notice 
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Looking at the Moon, you are seeing it about 1.3 
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_ distance of one light year, or 9.46 trillion kilometres 
(5.88 trillion miles). It sounds like a huge number, but 
en scale of the universe one light year is nothing. 
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‘called GN-z11, and it is an estimated 32 billion light © 
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speed of light, travelling 299,792 kilometres (186,282 . 
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This means even with the most Pole) WV =tai UB Cel cree) 31a 
there is a limit to how far away we can see based on 
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a sphere around Earth, beyond which we simply ‘ 5 
cannot see. This is called the observable universe. F 
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The most distant confirmed galaxy we ae aa a 















years from Earth. It.was first imaged by the Hubble 
Space Telescope. After that there is MACS1149-JD1, 
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billion light years away, detected Tavera x0)e) 
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bursts at the edge of the universe is by no means the 
only way to find out more about the early stages of 
the universe. . 
One method used by Peis oo fe ry peer to FS 
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Beyond deep space 


Microwave Background (CMB). The CMB is 
electromagnetic radiation that has been left over 
from an early stage in the universe's lifetime, about 
380,000 years after the Big Bang, and for that 
reason it's also referred to as an echo of the Big 
Bang. It was first discovered in 1964, by accident, 
when Arno Penzias and Robert Wilson were using 
a telescope in the microwave range and noticed 
interference coming from every part of the sky. 
"When we first heard that inexplicable ‘hum,’ we 
didn’t understand its significance, and we never 
dreamed it would be connected to the origins of 
the universe," Penzias said in a statement. "It wasn't 
until we exhausted every possible explanation for 
the sound's origin that we realised we had stumbled 
upon something big.” It was big indeed, and in 1978 
the pair won the Nobel Prize for their discovery. 
Looking at the CMB, astronomers can learn about 
a time just after the Big Bang, when photons were 
first able to move around freely. It looks roughly 


The Hubble Space Telescope 


Launched in 1990, Hubble has provided 


us with years of science 


Light shield 


This prevents unwanted 
light from entering the 


telescope and messing 
with the images taken 
by the extremely 
sensitive instruments. 
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the same in any direction you look. Then, between 
2009 and 2013 the European Space Agency’s 
Planck observatory undertook the most detailed 
study of the CMB to date. In a paper published in 
June this year, a new analysis of this data shows 
anomalies, like a cold spot, which astronomers are 
still struggling to explain. 

Although the CMB gives us unique insight into 
the early stages of the universe, there are other 
ways to find out about what lies at the edges of our 
observable universe. 

In June 2018, a group of astronomers announced 
a discovery that challenges assumptions 
researchers had made about the early history of 





the universe. The team, led by Scott Chapman at 
Dalhousie University in Canada, were able to find a 
supercluster of 14 galaxies 90 per cent of the way 
to the edge of the observable universe. Called a 
galactic protocluster, the 14 galaxies are a precursor 
to galaxy clusters, the largest known objects in the 
universe. These galaxies were seen 12.4 billion light 
years away, only 14 billion years after the start of 
the universe. 

According to previous models of how the 
universe evolved, protoclusters like this were 
not expected to have existed as early as then. 
The discovery of the cluster, called SPT2349-56, 
proved the evolution of galaxy clusters happens 


“We didn't understand its significance, and 
we never dreamed it would be connected 
to the origins of the universe” amo Penzias 


Communications antennae 
This dish sends information from 


Hubble back to Earth and receives 


information from Earth too, via 
communication satellites that are 
also orbiting Earth. 











Hubble mirrors 


Hubble uses a 2.4-metre (eight- 
foot) primary mirror, which was 
limited by the size of the rockets 
carrying it into space. 
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much more quickly than astronomers had 
previously believed. 
Chapman says the only way he and his 
team were able to make this discovery was because 
“The South Pole Telescope is how we 
ered it, and the upgrades going on, called SPT- 
| enable more of these types of discoveries," 
he says. The South Pole Telescope is a ten-metre 
(33-foot) diameter telescope at the Amundsen-Scott 
South Pole Station in Antarctica. It looks in the 
microwave, millimetre, and sub-millimetre ranges 
of electromagnetic radiation, and was originally 
designed for observing the CMB. The third 
generation of the telescope was installed in 2017, 
including ten-times the number of sensors, which 
means it can map a section of the sky ten-times 
faster than before. In 2018, a new survey began 
using this new camera. 
“But SPT couldn't do it on its own,” says 
Chapman. “Other ESO [European Southern 


Solar panels 


Hubble is powered by an array 
of solar panels that convert the 
energy in light from the Sun 
into 5,680 watts of electricity. 


Focal plane 
structure 


Fine guidance 
sensors 


These instruments 
help navigate 
Hubble on its orbit 
of the Earth, of 
which each one 
takes 96 minutes. 





Béyond deep ertes 


Picture gallery: beyond deep space’ 
- Looking out as far as we can, astronomers have 
found galaxies almost as old as the universe itself 


GN-211 is a high- 
redshift galaxy found 
in the constellation 
Ursa Major. GN-z11 is 


currently the oldest 
and most distant 
known galaxy in the 
observable universe. 





When GRB 090423, 
seen here as an 
artist's impression, 
was detected it was 
a signature of the 
explosion of the 
earliest, most distant 
known object in the 
universe. 


The CMB is 
electromagnetic 
radiation that has 
been left over from 
an early stage in the 
universe's lifetime, 
about 380,000 years 
after the Big Bang. 


The discovery 

of this cluster, 
called SPT2349- 
56, proved the 
evolution of galaxy 
clusters happens 
much more quickly 
than astronomers 
previously believed. 











MACS1149 is one of 
the farthest known 
galaxies from Earth, 
about 30 billion light 
years away. 
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Beyond deep space 


Observatory] and international facilities were the 
keys to unlocking the details of this and other 
superclusters near the edge of the observable 
universe.” These include the Atacama Pathfinder 
Experiment (APEX) and the Atacama Large 
Millimeter/submillimeter Array (ALMA), both 
based in the Atacama desert of northern Chile. 
ALMA is an interferometer made up of 66 radio 
telescopes working together, sitting at 5,058 metres 
(16,600 feet) above sea level, while APEX is a radio 
telescope at an elevation of 5,100 metres (16,730 
feet). Chapman is excited about technological 
developments in this region, too. 

“A new telescope going high above ALMA in 
Chile, CCAT [Cerro Chajnantor Atacama Telescope], 
will also permit new ambitious surveys that 
will open up the discovery of space even more,” 
he says. The six-metre (19.7-foot) telescope is 
designed to observe at submillimetre to millimetre 
wavelengths and will be built in the Atacama desert 
at an elevation of 5,600 metres (18,400 feet). The 
telescope, which will be roughly 12-metres (39.4- 
feet) tall, is expected to gather its first light in 2021 
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Chapman is expecting to publish an update to 
his study soon, a detailed follow-up of the previous 
study. While it's not yet published, we can be sure 
it's going to be an exciting announcement 

Due to be completed in 2021, NASA's James Webb 
Space Telescope is also hoping to study the galaxies 
that formed in the earliest universe. It is extending 
the work done by the Hubble Space Telescope and 
will be looking at longer wavelengths of light than 
its predecessor. The telescope’s main focus will be 
the time during which most galaxies began to form, 
which will hopefully help answer the questions 
brought about by studies like Chapman's and shine 
light on how galaxy formation happens. 

But it’s not all about light. Studying neutrinos, 
fundamental particles that barely interact with 
anything, only through the weak force and gravity, 
can teach us about the edge of the universe too. 

In March this year, Daniel Green from the 
University of California San Diego led a study using 
neutrinos as ‘messengers from the early universe’. In 
the hot gas that filled the early universe, neutrinos 
travelled near the speed of light while everything 
else moved more slowly. They are uniquely placed 
to teach us about that stage of the universe. 

“We looked for the signal of cosmic neutrinos in 
distribution of galaxies in the universe” says Green. 
“We used data from one particular survey, BOSS, 
which measured the locations of approximately 


1 million galaxies very precisely.” The Baryon 
Oscillation Spectroscopic Survey (BOSS) was part of 
the third Sloan Digital Sky Survey and gathered data 
from 2009 to 2014 at the Apache Point Observatory 
in New Mexico, United States 

Because of the high speeds they moved at, the 
neutrinos affected how matter moved on very large 
distances. Green and his colleagues isolated a signal 
in the galaxies that could only have been caused by 
a particle moving at the speed of light in the early 
universe. This means the neutrino was the only 
option for the cause of these signals 

The cosmic neutrinos are imprinted in the 
locations of the galaxies found during the 
observations. From studying the neutrinos the 
astronomers can tell where they came from. “We 
used a new type of data analysis technique, built on 
earlier work, to extract the signal of the neutrinos 
from these maps of the universe" Green says. 

There are many approaches to making maps of 
the universe and different technologies that make 
them possible. “The most important thing with 
this particular survey is that it can measure the 
spectrum of a large number of galaxies, which 
gives very accurate measurements of the distances,” 
says Green. 

The results from this study confirm the idea that 
the universe was heated to a very high temperature 
and then cooled through expansion. “In particular, 








“A new telescope in Chile will permit new 
ambitious surveys that will open up the 
discovery of space even More" scott chapman 
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A better mirror Unprecedented 
sensitivity 


The sensitivity of the 


How the James Webb can 


Expected to launch in 2021, the next-generation 
telescope will look at galaxies as they. first formed 


The JWST's 18-segment 
primary mirror will be over 
six-times bigger in area 
than Hubble's and around 
100-times more powerful. 






instruments will allow 
astronomers to see the 
faintest, earliest galaxies 





Infrared vision 
The JWST will study 


the infrared part of 
the electromagnetic 
spectrum to peer 
back at galaxies over 
13.5 billion years old. 





A million miles away 
The JWST will orbit the 







to help understand how 
today’s galaxies formed. 





Size matters 


At about half the size of a 
Boeing 737, yet less than 

nine per cent of the mass 
of a 737, the JWST will 

be the biggest telescope 

ever launched into space. 


Sun, 1.5 million kilometres 


; . .) 
A collaboration ti eZ 


Over 1,200 skilled scientists, Aine xoyti (ek be 





(1 million miles) from Earth, 
meaning its vantage point 
will be completely different 
to any before. 


this batch of neutrinos was released about a second 
after the Big Bang and is the earliest moment in 
the history of the universe, to date, where we have 
confirmed this story,” says Green. 

Data analysis is crucial in allowing advancements 
in astronomy, as the more information researchers 
gather, the more difficult it becomes to analyse 
that data. Increasingly, astronomers are relying 
on technology like artificial intelligence to help 
interpret and analyse data that would otherwise 
have taken researchers years to work through. Aside 
from improvements in the technologies used in 
the telescopes, this kind of technology is one of the 
most important areas in which astronomy research 
is developing. 

There is a lot of hype about artificial intelligence. 
Whether it could bring us self-driving cars or be 
used to replace human jobs or to spy on members 
of the public, the possibil: of a future with AI 
are difficult to guess, and are often quite daunting. 


engineers and technicians from 
14 countries have been involved 
with building the telescope. 


However, at least within astronomy, 
the technology is being used for good. 

For example, a study in 2017 showed AI could be 
used to sift through data collected by gravitational 
wave detectors like the Laser Interferometer 
Gravitational-Wave Observatory (LIGO). These 
waves are ripples in space-time caused by large- 
scale events like the collision of two black holes. 
Using AI to help comb through data will enable 
more detections using multi-messenger astronomy 
- looking at the same event through multiple 
different signals including gravitational waves, 
electromagnetic radiation and neutrinos. 

Together with improvements in technology 
regarding telescopes, like the upgrades to the 
South Pole Telescope and the new telescope in 
Chile, better data analysis techniques will enable 
astronomers to continue to peer as far back as 
possible and learn more about the distant universe 
in the next few years. 


at the edge of 
the universe? 
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Peering to the edge of the 
observable universe gives us 
a unique insight into the very 
earliest days of the cosmos, a 
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supercluster ever discovered. 


Neutrinos 
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Saturn takes the spotlight, 
while Mercury, Venus and Mars 
are challenging targets 


Crem celts 
WOR t eee e EORTC 
mountains worth exploring 
with a telescope 


Naked eye and 
binocular targets 
The Cygnus star cloud reveals 
millions of tiny stars 


Co) TAY RT) 
Apollo landing sites 
Find the exact spots where 
history was made 


ore ase 
Glittering star clusters, a dead 
star's corpse and a beautiful 
Cn ra ony eiLe 


The Northern 
Hemisphere 
Pelt hoe ecb me Ut 
Vato noo lel Comer ced roe ea) 


PS ited telCoy 
Rud 
The best of our readers’ 
excellent astrophotography 


Telescope review 
Is the Meade Polaris 114 EQ the 
right kit for you? We've tested it 
Aelia 


Apollo girt guide 
Our pick of the best products 
o)e)ea tema remo lelany 
anniversary of Apollo 11 


What's in 
the sky 


Fete amet lel alam lemeahal mmealel mee De lane meee lammashalemeehalasmealclamalal ameal dan 


CIC CTI 
















ai 


The alpha-Cygnids 
reach their peak of five 
meteors per hour 
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The tau-Aquariids 
reach their peak 
of eight meteors 
per hour 


Conjunction 
between the 


26 


The Capricornids reach 
their peak of five 
meteors per hour 


29 


The delta-Aquariids 
reach their peak of 20 
meteors per hour 


© Coconino National Forest 


to the Sun, glowing at 
magnitude 11.5 in Taurus 


The Moon and Jupiter 
make a close approach, 
passing within 2°25’ of 
each other in Ophiuchus 


Moon and Jupiter 
in Ophiuchus 
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Asteroid 15 Eunomia is well 
placed for observation, 
glowing at magnitude 8.3 
in Aquarius 
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Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it and 
Earth are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 
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The Piscis Astraliids 
reach their peak of five 
meteors per hour 


Asteroid 16 Psyche is well 


placed for observation 
in Capricornus 


Mercury reaches highest 
point in the morning 
sky, shining brightly at 
magnitude -0.1 
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The globular cluster 
Messier 15 is well 
placed for observation 
in Pegasus 


10 


Mercury reaches greatest 
elongation west, shining 
brightly at magnitude -0.1 
in the morning sky 


13 


The Perseids reach 
their peak of 80 
meteors per hour 


Declination (Dec) 
This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 


It's measured in degrees, arcminutes and arcseconds. 


There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it 
appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-lis brighter than an object with a magnitude of +2. 
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The alpha-Capricornids 
reach their peak of five 
meteors per hour 
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The Moon and Saturn 
make a close approach, 
passing within 0°02’ of 
each other in Sagittarius 
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<® Naked eye 

&® Binoculars 

“*® Small telescope 
- Medium telescope 


“3 Large telescope 


Opposition 

When a celestial body is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 
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Moon calendar 


* The Moon does not pass the meridian on 14 August 
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Illumination Full Moon 

Moonrise time New Moon 

Moonset time First quarter 
Last quarter 
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Allrise and set times are given in BST 


25 JUL 1AUG 8 AUG 15 AUG Date RA Dec Constellation Mag Rise Set 

18 Jul O8h 06m 56s +15° 25'17" Cancer 47 06:08 20:58 
25 Jul 07h 48m O5s +16° 10'16" Gemini 46 05:17 20:16 
O1 Aug 07h 39m 29s +17° 40' 34" Gemini 2.0 04:32 19:49 
O8Aug O7h5imO08s +19° 00' 43" Gemini 03 04:08 19:41 
15 Aug 08h 24m 17s +19° 10' 04" Cancer “0.7 = =04:12 19:48 
18 Jul 07h 15m 29s +22° 47'52" Gemini 3.9 04:29 20:53 
25 Jul 07h52m 22s +21° 40'53" Gemini 3.9 04:46 20:55 
O1Aug O8h 28m 37s +20°02'56" = Cancer 3.9 05:06 20:53 

100% O8Aug O9h04m03s  +#17°56'52". — Cancer 3.9 05:27 20:47 
15 Aug 09h 38m 36s +15° 26'09" Leo 3.9 05:49 20:39 
18 Jul O8h50m 47s 418° 53°15" Cancer 18 06:30 22:02 
25 Jul O9h 08m 44s +17° 37'58" Cancer 18 06:29 21:45 
O1 Aug O9h 26m 26s +16° 16'58" Leo 18 06:27 21:27 

100% O8Aug 09h43m53s +14° 50'47" Leo 18 06:25 21:09 
15 Aug 10h 01m 06s +13°19' 58" Cancer 18 06:23 20:50 
18 Jul 16h55m 45s -22° 07'50" Ophiuchus 2.55 18:18 02:26 
25 Jul 16h53m 51s -22° 06'12" Ophiuchus 24 17:20 01:28 
O1 Aug 16h52m 33s -22° 05'27" Ophiuchus -2.6 19:19 03:26 
O8Aug 16h51m52s -22° 05' 43" Ophiuchus 24 16:52 01:00 
15 Aug 16h51m 51s -22°07'01" Ophiuchus 24 16:24 00:32 
18 Jul 19h10m 42s -22°08'04" Sagittarius ol 20:33 04:40 
25 Jul 19h 08m 34s -22° 12' 16" Sagittarius 01 20:04 04:10 
Ol Aug 19h 06m 33s -22°16'12" Sagittarius Ol 19:35 03:40 
O8Aug 19h04m42s -22°19' 48" Sagittarius 01 19:06 03:10 
15 Aug 19h 03m 04s -22° 23' 02" Sagittarius ol 18:37 02:41 





This month's planets 


Saturn takes the spotlight, while Mercury, Venus and Mars are 
challenging targets because of their proximity to the Sun 
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Constellation: Sagittarius 
Magnitude: 0.1 


Ce) 2 


Saturn - known as the ‘Ringed Planet’ because of its 
system of gorgeous, bright rings - is visible low in 
the southeast as soon as the sky begins to darken 
after sunset. You'll notice immediately how Saturn 
is much fainter and a warmer, more golden colour 
than Jupiter, which will be blazing some distance 
over to its right and slightly higher in the sky, but at 
magnitude 0.1 it will still be obvious to your naked 
eye. Unfortunately Saturn will not reach any great 
altitude this month, and will always be so low down 
in the south that if you have any trees, hills or tall 
buildings in that direction they may hide it from 
your view; to see Saturn you might have to leave 
your favourite observing spot and find somewhere 
with an unobstructed view. 

Saturn moves very slowly across the sky, lingering 
within the borders of one constellation all year, and 
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SCUTUM 


SAGITTARIUS 


20:00 BST on 15 August 


through this summer it will be shining in Sagittarius, 
to the upper left of the handle of the famous ‘Teapot’ 
asterism. Again this will be very low in the sky 
through summer, and its stars are quite faint, so don't 
be too disappointed if you can't see them. 

Saturn will set in the southwest as the sky starts 
to brighten in the northeast with the approach of 
dawn. While it is in the sky you should definitely 
train your binoculars on it because they will be 
powerful enough to show you its largest moon, Titan, 
shining close to the planet, looking like a tiny but 
obvious ‘star’ near the distant world itself. 
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Saturn will have several ‘close encounters’ with 
the Moon during our observing period. Look for it on 
the morning of 18 July and you'll see the Moon some 
20 degrees to its left, and in mid-August Saturn and 
the Moon will be much closer on the mornings of 12 
and 13 August when they'll be a mere six degrees or 
so apart on each occasion. 

If you want to see Saturn's famous rings, you'll 
need a telescope. A pair of really powerful binoculars 
might resolve them, but you'll need the higher 
magnification a small telescope provides to really 
separate the rings from Saturn itself. 


“Saturn is much fainter and a warmer, 
more golden colour than Jupiter” 





Constellation: Gemini 
Magnitude: 0.4 
AM/PM: AM 
If you want to see this roughly Moon- 
sized planet you'll have to wait until 
| it has slid past the Sun and climbed 


GEMINI 


de 


up into the morning sky, and that 
will happen at the start of August. 
Mercury will be visible low in the 
northeast as a faint, copper-hued star 
in the dawn glow. Mercury will be at 
its best around 12 to 13 August. 
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Constellation: Cancer 

Magnitude: 1.8 

AM/PM: PM 

In mid-July it will be an evening 
object, but very low in the northwest 
after sunset and so hard to see in the 





Constellation: Aries 
Magnitude: 5.8 

AM/PM: AM 

As mighty Jupiter is setting in the 
west, distant Uranus will be rising 
in the east. At magnitude 5.8 this 
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bright twilight sky, especially with 
that faint magnitude of 1.8 which will 
make it barely as bright as the stars 
of the Big Dipper. As July drifts into 
August Mars will move towards the 
Sun, eventually too close to be seen. 
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faraway green world is technically 
anaked-eye object, but you'd have 
to know the night sky like the back 
of your hand to pick it out from the 
many thousands of stars behind it 
that are the same brightness. 


This month's planets 
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Constellation: Gemini 

Magnitude: 39 

AM/PM: PM 

At the start of our observing period 
Venus is low in the northeast before 
sunrise, but only for a very short time. 
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Constellation: Ophiuchus 
Magnitude: 22.5 

AM/PM: PM 

Jupiter will already be shining high in 
the southeast after sunset. All through 
the month ahead Jupiter will be in 


POLST. 


As the days pass, it will move closer 
to the Sun until it is just too close to 
it to be visible. But don't despair too 
much - Venus will be back in the sky 
soon, and by Christmas will be very 
bright and easy to see. 





the sky until the early hours, tracing 
out a low, lazy arc above the southern 
horizon before setting around 01:00. 
Look for the waning gibbous Moon 
just two degrees away from Jupiter on 
the evening of 9 August. 
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Constellation: Aquarius 
Magnitude: 78 

AM/PM: AM 

Neptune rises around midnight 
throughout our observing window, 


| but at magnitude 78 you will 


piel 
AUSTRIN 


definitely need a good pair of 
binoculars to find it in the sky. On 21 
July lonely, faraway Neptune will be 
seven degrees above and to the left 
of the Moon, which might help you 
identify it. 
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Pico and- Plato's | 
Mountains 


The lunar peaks are worth exploring with 
a telescope on warm summer nights 





Summer is a great time to enjoy looking 
at the Moon. For one thing it doesn't 
climb very high in the sky, so you don't 
have to get a crick in your neck staring 
up at it. Also, the long, warm nights are 
perfect for Moon-gazing. 

If you have a pair of binoculars you 
can see a surprising amount of detail 
on the Moon. They will show you its 
largest craters - huge holes blown out 
of its surface by the impact of asteroids 
millions or even billions of years ago. 
They will also show you its highest 
mountain ranges, some of which rival 
Earth's most beautiful. But the most 
striking sights in binoculars are the 
Moon's seas, or ‘mare’, which are not 
bodies of water but huge, flat plains of 
ancient lava which flowed out of the 
Moon like the yolk of an egg and spread 
across its surface before freezing in the 
aftermath of enormous asteroid impacts 
which set the Moon ringing like a 
cosmic church bell. 

One of the largest seas is Mare 
Imbrium, which forms the bloated 
tight eye of ‘the Man in the Moon’ 
when the Moon is full. It's top and 
centre on the disc. Looking at it 
through binoculars you will see a small, 
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dark circle or oval at the top of Mare 
Imbrium. This is a walled plain called 
‘Plato’ and it's one of the most famous 
features on the Moon. But if you have 
a telescope there is something worth 
looking at just to the south of Plato, 
something that you'll want to look at 
with the highest magnification your 
telescope can manage. 

When Plato is close to the terminator 
this month focus your telescope on it, 
put in a high-power eyepiece and look 
just to its south. There you'll see what 
looks like a chain of some small rugged 
‘islands’ out in the dark sea, close to the 
northern shore of Mare Imbrium. These 
nubs and stubs of rock are actually 
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The best time to 
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= month that will be 


on 23/25 July and 
10 August. 


“If you have a telescope there 
is something worth looking at 
just to the south of Plato” 


mountains, sticking up out of the lava 
plain of Mare Imbrium like pieces of 
bone or fossils exposed by the digging 
and brushing of patient archaeologists. 
You'll see them running from west to 
east in your eyepiece in a ragged chain. 
The more westerly ones are the Montes 
Teneriffe, the Teneriffe Mountains, and 
were named after the island of Tenerife 
in the Canaries. 

Look a little further east and just to 
the south and you'l see a mountain 
sticking up out of the lava plain all on 
its own. This is Mons Pico, named after 
the volcano in the centre of Pico Island 
in the Azores. That volcano rises up 2.3 
kilometres (1.4 miles) from the ocean, 
and the peak of its lunar namesake is 
24 kilometres (15 miles) above Mare 
Imbrium, making it just a little higher. 

Mons Pico is by no means the tallest 
or most impressive peak on the Moon, 
but it is one of the most striking. When 


the terminator - the line between night 
and day - is either approaching it or has 
just swept over it, Mons Pico can cast a 
long, very dark, very obvious shadow 
across Mare Imbrium which really 
makes it stand out. For this reason it's a 
firm favourite of many lunar observers. 
When can you see this peak this 
month? At the start of our observing 
period it is bathed in full sunlight 
because the Moon will be just past full, 
but it will just look like a flat, white blob 
in your telescope. Look again around 
23 July and by then Mons Pico will be 
casting a shadow as the Sun begins 
to set in its sky. By 25 July Pico will 
be on the terminator and will vanish 
from view, not to return until around 
10 August when the Sun will rise in its 
sky again and it will stand out starkly 
on the Moon once more, casting a long, 
inkeblack shadow across the lava plain 
it stands in. 
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Naked eye targets 


See a cloud of stars and shells of gas produced by faraway.dying 
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The Ring Nebula (Messier 57) 
M57, or the Ring Nebula, is so faint at magnitude 
Fi 8.8 you will need binoculars to see it. Even then 
ee) i it will just look like a tiny out-of-focus star. It is 
actually a shell of glowing gases puffed out by a 
Cone 1me) PAOLO ON 1am LEELA) 










M39 is a large open cluster, 
seven light years across and 
yeaa eRe 
ieee eee eRe ek ces : 
Paes eee eRe) s he a | & 
to the naked eye as a Moon- Z . i 
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Cygnus star cloud 
ye NUR USM) eee) aa 
the ‘Northern Cross’ 
which forms part of the 
constellation Cygnus you 
PW ela 4 
SIUC RU Sy cls 
CoV e Melee eMC \U—]} 
Tare Romeo ty 
Coa ceceele 
view down a neighbouring 
CEU Neat haa 
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Deneb (Alpha Cygni) Wendie heroes ae » Co : b 
BUM gas 5 : - F H : 
LN en Med eno , : 

“ eld Tame 33.6778 ==) oe a A : “ att a : eons 
Tene Aen cag i ‘ : 5 Bia-eeeses |) (elt RU) ara) 
Aol eRe oie tn eel 5 3 oe ‘ 3 : -..| Also known as M27, the Dumbbell Nebula can 
in the Sun's place. It is around 4 p a Ss be seen with binoculars as a very small smudgy 
2,600 light years away and is . fe e len aR Pele nee Ca Ad 
ico 4 Waren OLeLO at uae) : 5 Fy) PestNy shell of material expelled from a star in . 
TTR el Ue Cs a iS 5 : the last stages of its life. 
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Turn your telescope, binoculars or unaided eye to the Moon 
and you'll see where man, rovers and landers stepped onto 
another world 


oday there is a lot of excited talk about 
going to the Moon again. Shining brightly 
in our sky, it calls to us like a celestial 
CaO) ae ae) Mee) Mm Sy 
is still debating whether they should send astronauts 
straight to Mars, bypassing the Moon altogether, 
or only go to Mars after a number of successful 
precursor missions to Earth's natural satellite. 
Meanwhile, the European Space Agency is looking 
to the Moon as the potential site of a scientific 
outpost where different nations could work together 
Ta Tarn een once Ledeen) 





now work in Antarctica. Private companies are also 
planning to mine the Moon for resources, and there's 
even a competition to land robot rovers on the Moon 
and have them send live video back to Earth. 
itl Renee) Me eM) eee COM on ele 
we've already been to the Moon. True, it happened 
a long, long time ago - so long ago that children 
today learn about it in school history classes, just as 
they learn about the Egyptians, Vikings or the 
Roman Empire - but the Apollo missions were a 
spectacular success and represented a golden 
age of exploration. 
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Using the Moon 
as a clock face 


Locate the rough 
locations of the 
Apollo landing sites 
using this quick trick 


¢. Apollo 11 


ip | 


i 
ai 


STARGAZER 


Apollo landing sites 


Telescope with magnification 
of 50x or more 


Sea of Tranquillity 


Finding Apollo 11's landing 
site is quite Just find the 
large crate 
top of your field 

v. You'll see an obvious 
promontory of bright ground 
beneath the 
out into the da: 
Tranquill 


peer en nar IE ings tee a TUS 


id: Telescope with 
nification of 50x or more 


In the Ocean of Storms, close to 
crater Copernicus 


Between full and last quarter 


One of the Moon's most 
impressive craters will guide you 
towards the Apollo 12 landing 
site in the Ocean of Storms. Just 
find the huge crater Copernicus 
and place it at the bottom of 
your inverted field of view. To 
Copernicus’ upper right you'll see 
the smaller crater Reinhold, and 
beyond it the crater Lansberg. 
Apollo 12's landing site lies to the 
upper left of Lansberg. 
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Minimum optical aid: Telescope 
with magnification of 50x or more 
Where on the Moon: Fra Mauro, 
close to crater Ptolmaeus 
Best phase to observe: 

fi 


The Apollo 14 landing site is close 
to one of the most impressive 

and most photographed ‘crater 
chains’ on the Moon. Having 
found Arzachel, Alphonsus and 
Ptolmaeus, jump across to the 
tight of Ptolmaeus to the ring-like 
crater Parry. The Apollo 14 landing 
site is just to the lower right of 
this crater. 
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Apollo landing sites 













Looking back on those glory days, it seems like 
the writings of science fiction. It was an age when 
enormous rockets, gleaming white, thundered into 
Ba aa a ee eee the sky, roaring like dragons and carrying brave 
j Minimum optical aid: ; ba 4 explorers across the gulf of space, travelling much 

Telescope with magnification r further than we could possibly go today. In 2019 
astronauts like Tim Peake can travel no further 
than the International Space Station, which orbits 
the Earth at a distance of a mere few hundred 
miles. Between 1969 and 1972 six Apollo missions 
took teams of three astronauts across a quarter of 
a million miles of space to the Moon, set two of 
them down on its barren surface and brought them 
all home safely again. A seventh mission, Apollo 
13, famously failed to land on the Moon, but the 
astronauts survived a flight around the Moon 
using their lunar lander as a lifeboat and returned to 
Earth safely. 

Today those daring missions are as fascinating 
as ever - but for very different reasons. Many 
people - and not just ‘Hoaxers’ - have asked why 
astronomers don't turn the Hubble telescope 
towards the Moon to take photos of the Apollo 
spacecraft, simply because it would be a cool 
thing to do. It’s because not even the great Hubble 


“Today those 
daring missions 
are as fascinating 
as ever" 





© of 100x or more 
a Where on the Moon: 
Close to Hadley Rille in the 
Appennine Mountains 
Best phase to observe: 
Between first quarter and full 












The Lunar Module ‘Falcon’ 
touched down in July 1971 in 
the most stunning location 
any Apollo mission visited 
close to a meandering valley 
in the shadow of the towering 
Appennine Mountains. To find 
it, look for the break in the 
curve of the mountains to the 
left of the crater Archimedes, 
past Autolycus and Aristillus. 
Apollo 15 landed above and to 
the left of these craters, in the 















Theophilus 


Minimum optical aid: 

Telescope with magnification of 

100x or more : ; iy i ore » 
Where on the Moon: p r ; 

The Descartes Highlands, close to fj OW, \ Pas oe 4 ? ‘ ; 
the crater Kant 6 


Best phase to observe: 
From first quarter to full 


The landing site of the Lunar 
Module ‘Orion’ is probably the 
most challenging to find. If you 
place the crater Theophilus to the 
left of your eyepiece's field of view 
you'll see a smaller, sheer-rimmed 
crater to its right. This is Kant, and 
Apollo 16 set down in the rugged 
highlands to its lower right. 
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“Not even the great Hubble would be 
able to see a four-metre (13-foot) Apollo 
Spacecraft on the Moon" 


Apollo 17 


i Telescope with 

magnification of 100x or more 

Taurus Littrow Valley 

First quarter to full 

The final Apollo mission in December 1972 
saw the Lunar Module ‘Challenger’ land in a 
notch-like ‘bay’ on the southern shore of the 
Sea of Serenity. To find it, put the shallow crater 
Posidonius at the bottom of your field of view. 
Follow the shoreline ‘up’ past the semi-circular 
Le Monier crater. As far on again is the Apollo 17 
landing site. 
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would be able to see a four-metre (13-foot) Apollo 
spacecraft on the Moon. Hubble is essentially a light 
bucket, designed to collect the faint, ghostly light of 
faraway galaxies, nebulae and planets. It can't zoom 
in on things in its own backyard. In fact, if a football 
stadium was magically transported to the Moon, 
Hubble couldn't even see that - it just hasn't got the 
resolving power necessary. 

To see the Apollo hardware you would have 
to go to the Moon, either landing next to the 
actual spacecraft as rovers might do later this year 
or next, or look down on them from orbit. The 
Lunar Reconnaissance Orbiter (LRO) has done 
just that, and has taken amazing images of the 
Apollo landing sites from orbit showing not just 
the spacecraft themselves, but the lunar rovers 
parked where they were left, and even the trails 


HESS 


“? 
. 
Let 


bootprints left in the lunar dust by the explorers. 
If you were hoping to see actual Apollo hardware 
on the Moon through your telescope, you've no 
chance, unfortunately. However, you can see the 
Apollo landing sites from your back garden if your 
telescope is good enough - and we'e going to tell 
you how, and where, to find them. 

First you need to know the general areas of the 
landing sites on the Moon, and the key to doing that 
is to think of the Moon as the face of a clock, with 
12 o'clock at the top and 6 o'clock at the bottom. 
You can then find the rough areas of each mission's 
landing site quite easily using the charts included in 
this guide. 

Having found the general areas of the 
landing sites, you can then zoom in on those to 
pin-down the actual landing sites more accurately. 
You do this by looking for certain obvious 
features the landing sites were close to, such as a 
large crater, a range of hills or a valley - something 
like that. Again the charts given here will help 
you. The individual charts supplied are oriented 
correctly for the ‘upside-down’ view seen through 
most telescopes. 
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- Sizzling summer's 


Clusters and nebulae 


Glittering star clusters, a dead star's corpse and a 
beautiful double star can all be seen this month 


Many sky-watchers think the summer sky is just 
too bright to allow observation of faint and fuzzy 

y objects, but if you stay up late enough the 
sky is just dark enough to let you see some lovely 
sights through a telescope. 

Around one or two in the morning - providing 
the sky isn't lit up with a display of bright blue and 
silver noctilucent clouds - a telescope will give you 
very pleasing views of some of astronomy’s most 
famous objects. 


84 


Although the broad, frothy band of the Milky 
Way dominates the sky, running right through the 
centre of Cygnus the Swan, or the Northern Cross, 
cutting it and the whole sky in half, embedded in 
it are subtly coloured nebulae, regions where stars 
are being born. Elsewhere can be seen the ghostly 
remains of dying or dead stars and much more. 
Even a small telescope will give you a beautiful 
view of one of the loveliest and most popular 
double stars in the whole sky. 





MVNO V CACM B Reem oaiel 
America Nebula (NGC 7000) 


52 Cygni with a portion of the 
Veil Nebula (NGC 6960) 





Messier 39 
|: loose open cluster, roughly triangular in shape 
and the same angular diameter as the Moon. 
Best seen in small ‘scopes using low magnification. 


Although this famous emission nebula covers 

as much sky as four full Moons and can be 
seen in binoculars, a telescope is needed to pick out 
its shape. Lower magnifications work best. 


Messier 29 
This magnitude-6.6 open cluster contains only 


a few scattered stars, forming the shape of an 
open box, Small to medium telescopes pick it out 
well from the background sky. 


{ Veil Nebula (Sharpless 103) 


2 North America Nebula (NGC 7000) 


It consists of two arcs of faint gas, the remains 

of a star that blew up between 5,000 and 
8,000 years ago. A medium-aperture telescope is 
needed to show structure and hints of colour. 


5 Albireo (Beta Cygni) 


One of the most beautiful double stars in 

the sky, any telescope splits Albireo into 
a 3rd-magnitude gold star and a magnitude 4.7 
sapphire-hued star, 20” apart. 


Dumbbell Nebula (Messier 27) 
65 The famous Dumbbell Nebula is just a small 
smudge in small telescopes. Medium- and 
large-aperture telescopes show its twin lobes of blue- 
green gas. 
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Deep sky challenge 


ss; Ngc535; Chuck Ayoub 








The Northern 
Hemiuspner 


A gaggle of galaxies, star clusters and nebulae 
grace the August skies, offering an exquisite 
selection for stargazers 

There's an impressive array of targets suitable for observers armed with 
binoculars, telescopes or for those who are just content with gazing upon 
the night sky with the unaided eye. 

Galaxies and star clusters are abundant, but it's the nebulae within 
constellations such as Cygnus and Lyra that are the objects to look to this 
month. The Ring Nebula (M57), the Pelican Nebula, young and dense 
planetary nebula NGC 7027, reflection nebula NGC 6914 and the ‘blinking 
planetary’ nebula NGC 6826 are particularly impressive, providing 
observing and imaging opportunities for astronomers. 


This chart is for use at 22:00 (BST) 
mid-month and is set for 52° latitude. 


@eh Hold the chart above your 
’ head with the bottom of the 
page in front of you. 


Sy Face south and notice 
= that north on the chart 
is behind you. 


The constellations on the chart 
should now match what you 
| see in the sky. 


® Sirius (-1.4) 
® -05to0.0 
® 0.0to05 
® 05to10 
® 1.0to15 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
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Globular star clusters 


SS 


Open star clusters 
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Observer's note: 
The night sky as it appears 
on 16 August 2019 at 
approximately 22:00 (BST). 
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The Northern Hemisphere 
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Astreshots 


— ofthe month 


Send your astrophotography images to 
space@spaceanswers.com for a chance 
to see them featured in All About Space 


Randy Shivak 


Arizona, US 
ay Telescope: Astro-Physics 
. . 3 DayStar Quantum 
esac 
Saha) R clog 
conditions, | recently moved 
ss # to Arizona from Ohio 
specifically to do my solar imaging. Being 
interested in solar astronomy since the late 
1960s, | built a large spectrohelioscope in 1980 
to view the Sun in H-alpha light. Today | use 
narrowband filters which provide excellent 
views of the Sun and are incredibly portable.” 


wT 


Solar prominence (above) 
and sunspot group 1731 
(ra 


wuts 
pe etelcosjy) acs 
SRW ted 
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Your astrophotography 


Zlatko Orbani¢c 
Pula, Croatia 
Telescope: 4 


. _ 


Aha (ed [-1-1 0) 
PTR eleeur iia in 
refractor | 
“My hobby in 
astronomy began 
many years ago. | always wonder how 
fre RM LR 
distant:stars. \ 
DEN couse ey caer] 
OLR CRU 1M nace 1A 
until the crack of dawn. Astronomy 
ECR ee Me Rd 8 
PEE Ta cee R CORE CRT et) f 7 
trying hobby when I'm looking through * 
mc scee Re UC RUM Bg ‘ 
cold evenings. However, when there's a AS: ah ‘ . 
RnR MR UL nL ry a ; % A ‘Comet C/2013 
it’s 100 per cent Worthwhile.” - ek y \ a ‘ . UE STOy 





Carl Martin 


(eel 
England 

Bree) oT 
eared) 
Astromaster 70 AZP 
Mn) aee a4 
Star M Coleg LaLe | 
planets. Receiving my first telescope 
ao @ ui ee) Pee aa a 
level one to get my bearings - | have 
toured the night sky. | observe Saturn 
on occasion and enjoy star-hopping 
my way around the heavens. | am 
looking to upgrade my telescope to 
an equatorial mount for deep-sky 





a Bstlie 
observed 
Saturn on 
occasion and 
oc aoal(ey 
Star-hopping" 











Send your photos to... © @spaceanswers @ space@spaceanswers.com 
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Meade Polaris 114 EQ 


A breeze to set up and sturdy enough to withstand 
slightly breezy conditions, this reflector allows for 
pleasing observations of a wide variety of targets 





W(t 
FTi\ta (a) 


Cost: £250 ($311) 

Pou OeRy 

Type: Reflector 

PV acti meC oun 
PY le itt em ROOO eerie 


Best for... 
a Intermediate 

7 Small budget 

O} Yo) Fm) 
© (eVect arle) 

Re Leta alms 1) lad 
rT Basic astrophotography 


Meade has provided a telescope that boasts a 
Cielo) mol eRe meu mee LL) 
price range. Finished off to a high standard, the 
manufacturer of the Polaris 114 EQ has provided 
a very good selection of eyepieces as well as a 2x 
Barlow lens for low, medium and high magnification 
that not only saves a dent in the bank balance, 
CENT aU ee) eA) Mom lO) aecolt at) 
Flee of Ue Rue ar Uo 
Ercole MERU MA re Oe 
ening under the night sky. Similar to the telescope 
ft) am Un ode eo) (CR lee An 
RTM eR eR Ula R eel gts} 
with other telescopes below the £300 ($373) 
foyer om 

There were a couple of negative points, however: 
the red-dot finder's construction isn't the best, being 
made of plastic, but it certainly got the job done. 
Nom Ue es Cm eet BPP UC mee ORI) 
the telescope is unfortunately unable to be used on a 
Macintosh computer. 

Assembly is quick and easy. While Meade always 
provides a comprehensive manual with each of its 
BC <kiee) 1 RCO OM URINAL Co} 


the point that we rarely needed to refer to it, making 
tM 0 Be Bom OME (orae) 1-0 

that's quick and easy to set up, doesn’t want their 
observing time cut into or those who are in the 

early stages of learning their way around the night 


sky. If you're used to using a ‘scope that employs an 
alt-azimuth mount then you may find the setting up 
and use of the Polaris 114 EQ’s German equatorial 
quite tricky. However, full guidance is provided in the 
supplied manual, which is packed with very useful 
Teme Met M UU (Rem be) m Oka UB eacia 
out of an equatorial mount then we advise doing a 
Leyte =r ke LLC K Melt X30 [ea a Co) 
your observations. Polar aligning is an easy task once 
the observer knows how to use this type of mount. 
We had an excellent run of clear skies throughout 
our test period in June, and combined with a 
dark-sky site the night sky was our oyster. Being a 
reflector the Polaris 114 EQ allows you to choose 


ellen B 1 eld e) Me Aneel) Below left: 
Desk MC Oe ORES The red-dot 
Pa neg nee eae) Cee) finder 
the Moon. Observing just before dawn gave us the is flimsy but 
opportunity to make the most of gas giant Jupiter, fe lets iat =3 
SU ee Relea A Reel OTT) 
planet were clear and crisp thanks to the reflector's TENET 
optics, which have been smothered with anti- ao 
reflection coating. Through the field of view we were 
treated to a pale disc, with the Galilean moons strung Belowright: 
eral e Rem eee ee eee Chel The Polaris 114 
light. Peripheral vision afforded us the opportunity to EQ employs 
Solera ala acme Telit] ey lae a German 

We were keen to enhance our viewing experience equatorial 
so included a selection of coloured filters - orange, mount 
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Meade Polaris 114 EQ 







A Vslancne masts 

planet were clear and 
crisp thanks to the 
reflector's optics” 









light red, dark red, dark blue and violet - 
fitting these to the supplied eyepieces which 
PeYce\ (eee Voecte CANVAS ONL Ele a8 
attachments a breeze. Using a high-power eyepiece 
pushed the reflector's limiting magnification too 

far, producing blurry images of the king of the 

Solar System, so we recommend using low-power 
Ve) (e- RL OL ae 

Moving to the northwest in the evening we 
made brief contact with Mars. As expected, views 
fo) Une en kReeRe A ema oie 
appearing as a salmon-pink disc. Meanwhile, a 
waning crescent Moon with 15 per cent illumination 
allowed us to obtain views of the rugged lunar 
Ware ere nee mar 1Clee- nen ears 
mare of exquisite contrast. 

LAUR Emon Neel Mare eel Raa ee 
astrophotography then the equatorial mount allows 
SCM ce \m ea elce 1] =A eR nea eg 
DSLR camera. Tracking is also easy with the Polaris 
114 EQ using the setting circles for Right Ascension 
and Declination and the slow-motion controls for a 
Pe) eee. ne ma (UCN ane) 
continually turning the knobs to track planets and 
other targets during lengthy observations then we 
recommend purchasing a motor for the mount. 

PIT ame) eee nec me ey 
could be observed with ease using the telescope's 
good optical system. The Great Globular Cluster in 
Hercules, also known as Messier 13, appeared as a 
Tul Mme reaVaey-] Malco) 4a aM] e mY) ANA ae) 
selection of double stars could be split very easily. 

The Polaris 114 EQ is able to provide views of 
objects beyond our Solar System as well as inside 
Teme Melee Meteo ete ola 
‘scope or for those who are keen observers of a 
variety of targets and don't want to be restricted to 
one kind of astronomical target. 
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MEADE 
LIGHTBRIDGE 
Wb Ree } 


Ready to go outside the box, touring ' 
the night sky has never been simpler e e 
with this latest offering from Meade 

Instruments and Hama UK Ltd LIGHTBRIDGE 


The ultimate grab-and-go telescope, the LightBridge Mini provides 
PUR Sma OCLs RelA ae ReMi a tee ae od 
Loo) eRe Mite meu eke eee e:)°)) [8 mee oleae an 
toy See Mo HME (e MCM-D el eel P4 ped ee eee 
Boasting an impressive 130mm parabolic aperture with a 650mm 
focal length, the LightBridge Mini features a simple point-and-look 
CTU MN ct LO Cel ee Mao 
abilities provide superb views of the Moon, planets and a selection 
of deep-sky objects, such as galaxies and nebulae. The Vixen-style 
ole RoC eR Vertaal WU elm OR Neel CYL RL 
parabolic mirror provides images with stunning contrast and clarity. 


To be in with the chance of winning, all you have 
to do us answer this question: 


A: Southern Hemisphere 
B: Both 
C: Northern Hemisphere 
Congratulations 
PORE Li 
svar Roe ae : . ESI ENIES 
space@spaceanswers.com or by post to , ESTEE ENE 
All About Space competitions, Richmond House, eae a i 
33 Richmond Hill, Bournemouth, BH2 6EZ ‘ worth over £1000! e 





Nitta de Roles OSG entered oneie) ene melee ty 


92 f i 2 ¢ — 


:-FIFTY YEARS AFTER MAN FIRST LANDED ON THE MOON 


rae 


APOLLO 11 


Fifty years ago, the world was transfixed as over half a billion people watched 
one of mankind's greatest achievements - the Apollo 11 moon landing, live on 
television. When Buzz Aldrin and Neil Armstrong touched down on the lunar 
surface, history was made. Today, fifty years on, history is made again as their 
achievements celebrated on aremarkable world-first coin - The Moon Landing 
soth Anniversary Moon Dome Coin. 


THE WORLD’S FIRST MOON DOME COIN FEATURING THE PORTRAIT 
OF HER MAJESTY QUEEN ELIZABETH II 


This coin is a marvel of modern minting, struck as a solid dome, the surface of the moon 
with its craters and contours are perfectly replicated with an antique patina finish. This 
is the first time that the lunar surface has been minted onto a domed shaped crown 
coin and the first-ever to feature the portrait of Her Majesty Queen Elizabeth Il on the 
obverse. Only So years after the moon landing, could a coin of this technically demanding 
specification be minted. As such it is strictly limited in availability. Order yours today for 
just £9.95 + £2.99 S&S*, and it will come presented in the bespoke Moon Landing soth 
Anniversary collectors’ pack. 






BRAND-NEW FOR 2019 THE MOON DOME COIN IS STRICTLY 
LIMITED TO JUST 9,999 WORLDWIDE 

To order you need send no money now. With your order 
you will also have the opportunity to collect the future five 
coins in the Race to the Moon silver-layered Coin Set at just 
£29.95 +£2.99 S&S* each; which may be viewed entirely 
without obligation on our 14-day home approval service. 
Your Moon Dome Coin comes presented with a Certificate 
of Authenticity and the Moon Landing Soth Anniversary 
Collectors’ Presentation Pack — completely free of charge. 


A SELL-OUT IS EXPECTED SO DON’T WAIT. 
ORDER YOUR WORLD-FIRST MOON DOME COIN TODAY! 
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£9.95 
Strid 
+ £2.99 S+S* 


Design approval granted by Buckingham 
Palace for this truly unique world-first Moon 
Dome Crown Coin 


The antiqued-patina finish perfectly replicates 
the moon’s contours and cratered surface 


Just 9,999 available worldwide 
Reverse: The Moon as seen from Earth 
Obverse: Effigy 







SEND NO 
MONEY NOW 


TO ORDER RETURN THE 
ORDER FORM BELOW 


or cau:0333 003 0019 


Lines 0} Mon-Thurs 9am-7pm, Fri-Sat 9am -Spm 
‘Sun 10am-3pm. Quote reference P370754 eS 
































, I wish to order the world’s first Moon Landi: 50th COMPLETE AND SEND Ete er er SAE ENVELOPE (NOSTAMP ORDER 
Anniversary Moon Dome Coin for just £9.95 (+ £2.99 }- een TS REFERENCE: 
Ido not need to send any money now. PLEASE WRITE THE ADDRESS IN CAPITALS TO ENSURE DELIVERY P370754 
Title O Mr O) Mrs CF) Ms C1) Miss C1] Other Nome. 

Address 
— __ ee 
Postcode Telephone Mobile BRADFORD EXC 
OFFICIAL DesTRiBt 
Email Address Signature 





* SES — Delivery Service & Shipping | Diometer G2mm | lssuing Auhorly ond lagol lender in Teatan da Cunha | 
entirely wihout obligation at £2095 [plus £200 S&S*] each 
gvorortes| Our gore isn addition the ights prow 





rants mud be aged 18 or over | 
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Apollo 11 gift guide 


Celebrate 50 years of the Moon landing with one of these stunning keepsakes, made 
especially to commemorate humankind's greatest achievement 


LEGO Lunar Lander 


Cost: £84.99 ($99.99) 
From: LEGO 
The giant of building blocks, LEGO, has now released a 1,087-piece 
building set that recreates NASA's Apollo 11 Lunar Lander. The ‘Eagle’ 
has landed in stores around the world, and is also available online. 
Builders of all ages can now have a hands-on approach to lunar 
exploration and become inspired by the event that occurred exactly 
50 years ago this July. 

This collectible LEGO Creator Expert model comes equipped with 
all the pieces to construct the lander’s descent and ascent stage, 
including gold-coloured landing pads, opening camera, laser hatches, 
a ladder and a very detailed interior to the Lunar Module that lifted 
Neil Armstrong and Buzz Aldrin off the surface of the Moon. Speaking 
of the famous duo, their mini figures also come with the set, NASA- 
decorated as they plant the flag of the United States. 


The Case Astronaut Knife M-1 
Cost: £183.32 ($232.99) 
From: W.R. Case & Sons Cutlery Company 
One instrument used by astronauts that has well and truly dipped under 
the radar has been the survival knife, Case’s Astronaut Knife M-1, which 
has been rereleased as a limited edition for the occasion. But why would 
an astronaut need a 43-centimetre (17-inch), high-carbon, stainless steel 
machete blade with a smooth, white synthetic handle? 

In the days of the Gemini and Apollo programs, NASA commissioned 
the production of a knife which would be stowed in the Command 
Module in case of emergencies and kept along with other items as part of 
a survival pack. NASA needed a knife that had a blunt base, an impressive 
ultra-lightweight and robust design and did not emit fumes to maintain the 
purity of the limited air supply. 





















The World's First Moon 
Dome Crown Coin 


Cost: £9.95 ($12.65) 
From: The Bradford Exchange 
This is not your average coin: it's a commemorative, 
world-first edition of a solid-dome coin. On one side it 
features the face of Her Majesty, the Queen of England, 
and on the reverse curves into the face of the Moon as 
coop eceyee OT geen 
This incredible feat in coin-minting portrays the 
Moon's surface in incredible detail, and you can even 
spot the Sea of Tranquillity where Armstrong and 
Aldrin laid their metaphorical hat for all of 21 hours. As 
this coin has been minted for such a special occasion, 
only 9,999 were made available to people around the 
world - so be sure not to miss out! 
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Cite eS Pen- 
viii special edition 
alu e etsy BSeY Moe a Cree wD) 

Limited Edition: £754.99 ($959.55) 

From: Fisher Space Pens 

Fisher Space Pens are not like any other pen. 
When Paul Fisher realised that pens struggled to 
aVfeyacaebaCe coms acclorA lorem Cen) eLelAe lM NMS A(—) (oe ccel} 
pen that could work over a range of temperatures. 
Fisher Pens work anywhere between -34 to 120 
degrees Celsius (-30 to 250 degrees Fahrenheit), at 
any angle, for three-times as long as a regular pen, 
underwater and even in zero gravity. 

Fisher has unveiled a special-edition pen in a 
range of colours for the 50th anniversary of Apollo 
11 as well as a special-edition AG-7 Space Pen, of 
which only 500 were made. This addition to the 
collection includes a commemorative booklet, a 
coin and the AG-7 itself, made with a genuine piece 
oi Gloom Cec MUeCIM NCBI eRe emer a i 
mission, sealed in the pen’'s cap. 


Apollo 11 Technical Cases 


Medium £470 ($595) 
Small: £415 ($525) 
BS Ces recom seein Le Laon 
Zero Halliburton - famous for its brand of durable, 
secure and aesthetically pleasing aluminium 
cases - has paid homage to the Apollo landing by 
creating small- and medium-sized metal compacts 
just like the ones that once carried the first loads of 
lunar rock back to Earth in 1969, 
Only 100 cases - 50 in each size - were created 
to celebrate the occasion, and each comes with a 
embroidered baseball cap and dust bag. The case 
itself is built to provide the best protection for 
your contents, the same way that Armstrong and 
Aldrin needed to protect the priceless lunar rock 
as they returned it for important scientific testing. 
Zero Halliburton has also created a five-part online 
campaign titled ‘Precious Cargo’, which tells the 
story of the first-ever lunar sample return and how 
Zero Halliburton made a very unique contribution. 





Steel: £7370 ($9,350) 
18-carat Moonshine gold: £26,480 ($33,590) 
From: Omega 
Want to look extremely suave while celebrating the 50th anniversary of the Apollo 11 
Moon landing? Omega has announced a collection of limited-edition Speedmaster watches 
to celebrate the occasion. This watch is made even more special because although many 

people know Aldrin was the second person to ever step onto the Moon, not many know he 

was the first person to do so wearing a watch. 

In celebration of the 50th anniversary, Omega has spruced up the Speedmaster watch 
with a laser-engraved, Moonstone Gold sub-dial of Aldrin as he climbs down the Lunar 
Module, among other modifications. The company has also released an 18-carat, all- 
Moonshine gold version that is limited to 1,014 pieces, but the stainless steel has 6,969 
(after the year 1969) available at a cheaper cost. 
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Shoot for the Moon 


Cost: £25 ($31.69) 
From: Amberley Books 
50 years after the Apollo 11 mission made history, this book tells the story 
of the astronauts, flight controllers and engineers who made it happen. 
On 20 July 1969, Neil Armstrong and Buzz Aldrin became the first humans 
to walk on the Moon, a moment ingrained in modern memory. Perhaps 
the world's greatest technological achievement - and a triumph of spirit 
and ingenuity - the Apollo 11 mission and the Apollo program were a 
mammoth undertaking involving more than 410,000 men and women 
dedicated to winning the Space Race with the Soviets. 

Seen through the eyes of those who lived it, Shoot for The Moon reveals 
the dangers, the challenges and the sheer determination that defined not 
only Apollo 11, but also the Mercury and Gemini missions that made it 
possible. Both sweeping and intimate, based on exhaustive research and 
dozens of fresh interviews, this is the definitive - and thrilling - account of 
one of humankind's most extraordinary feats of exploration. 


Apollo 11: 50th Anniversary Edition 
Cost: £22.99 ($29.10) 
PSC ew eM sew elec erleTsd 
On 20 July 1969, US astronauts Neil Armstrong and Buzz Aldrin 
became the first men to walk on the Moon. 
Christopher Riley and Phil Dolling tell the story of the Apollo 11 
mission and the ‘space hardware’ that made it all possible. This 
manual looks at the evolution and design of the mighty Saturn 
V rocket, the Command and Service Modules and the Lunar 
Module. It describes the spacesuits worn by the crew and their 
special life-support and communications systems. We learn about 
how the Apollo 11 mission was flown - from launch procedures 
to ‘flying’ the Saturn V and the ‘LEM’, from Moon walking to the 
Earth re-entry procedure. 
This celebratory anniversary edition features a new look at the 
legacy of Apollo 11, and a look forward to future manned Moon 
missions and deep-space exploration. 


FirstScope tabletop telescope 


Cost: £65 ($82.40) 
From: Royal Observatory Greenwich 
FirstScope is an ideal entry-level astronomical telescope. It is very easy 
to observe with: the user simply navigates the night sky by moving 
the tube in the direction of their desired object, making the viewing 
experience a snap! The compact design ensures it's easy enough to 
take with you on your next outdoor adventure. FirstScope is also 
stylish enough to be a decorative fixture on your bookshelf or desk. 
The portable and lightweight table-top design makes it easy to store, 
transport and set up your FirstScope telescope. The instrument is a 
wonderful keepsake for anyone interested in astronomy. 





Marking the 50th anniversary of 
Neil Armstrong’s ‘small step’, this beautiful 
book explores people’s fascination with 
our only natural satellite. 


e Published to coincide with The Moon exhibition 
at Royal Museums Greenwich 


¢ Contemporary essays and fascinating images 
are presented in a sleek black design 


¢ Edited by the exhibition's curators, Melanie 
Vandenbrouck, Megan Barford, Louise Devoy 


THE MOJN and Richard Dunn 


sal neighbou © Contributions from cultural historians, a scientist, 
a poet and a space law expert, among others, 
explore how art and science are inextricably 
linked in our study of the Moon 


D The Moon through the Eyes of 
the Apollo Ash 


Hardback £20.00 
ISBN 9780008282462 


Cadets: Toys and Material Culturs 
from Sputnik 1 10 Apollo n 


In association with 


(caee { f 
(i a a ROYAL 
aye . MUSEUMS 


Collins GREENWICH 


Oral Sl am Mull un 
Royal Museums Greenwich, 
from 19 July 2019-5 January 2020 


Available to buy online at shop.rmg.co.uk and at all good bookshops 








William 
Shepherd 


He was the very 
first commander 
of the International 
Space Station 


His might not be a household name, 
but a big name nonetheless, William 
Shepherd played his part in NASA's 
transition from the continuous 
launches of the Space Shuttle 
program into the constant presence 
of the International Space Station 
(ISS) in low-Earth orbit. 

Shepherd was born on 26 July 
1949 in Oak Ridge, Tennessee, 
United States. He later gained 
his Bachelor of Science degree in 
aerospace engineering from the US 
Naval Academy in 1971, also earning 
degrees in ocean engineering and 
a Master of Science in mechanical 
engineering from the Massachusetts 
Institute of Technology (MIT) in 
1978. This career path then took 
him down the route of Navy SEAL 
- the US Navy's primary special 
force unit. 

Shepherd first applied to 
become an astronaut in 1980, but 
unfortunately wasn't successful 
on his first attempt. It wasn't until 
he got into the group of 1984 that 
his training began, gaining him an 
honourable mention as the first- 
ever military, non-aviator astronaut 
selected for NASA astronaut 
training. All astronauts before him 
had been aviators, chosen because 
of their familiarity with high- 
pressure situations in the sky. 

Shepherd got his first taste of the 
action in December 1988 when he 
served as mission specialist for the 
STS-27 Atlantis mission. Two years 
after he again served as the mission 
specialist for the STS-41 Discovery 
mission that deployed NASA's 
Ulysses space probe, which studied 
regions near the Sun and Jupiter. 


HEROES -- 
@F SPACE 


His third and final Space Shuttle 
mission was the STS-52 Columbia 
mission in 1992. The following 
year Shepherd was providing 
programme management for the 
ISS - a revolutionary, international 
architectural endeavour that began 
assembly in 1998. 

Arguably the pinnacle of his 
astronautic achievements came 
in October 2000 when he was 
launched to the newly constructed 
ISS and became the first 
commander of the station as part 
of Expedition 1. Although several 
countries were contributing to the 
construction of the ISS, the United 
States and Russia were pulling most 


“Shepherd first applied to 
become an astronaut in 1980, 
but wasn't successful” 
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William Shepherd completed four 
eres eSB beware rt 


of the financial weight, so along 
with Russian cosmonauts Sergei 
Krikalev and Yuri Gidzenko, this 
three-man crew ran the first lot of 
important scientific research in the 
unique low-gravity laboratory that 
has since had the constant company 
of humans for over 18 years. 

This particular endeavour ended 
on 21 March 2001, after just short of 
141 days in space. Being a veteran 
of four space flights, Shepherd had 
clocked up over 159 days in space, 
with Expedition 1 being the obvious 
bulk of that time. As of January 
2002 Shepherd left NASA in 
pursuit of more private interests, but 
his efforts did not go unnoticed. 

He received NASA's prestigious 
Steve Thorne Aviation Award, a 
United States-issued Congressional 
Space Medal of Honour and a 
Russian Federation-issued Medal 
for Merit in Space Exploration, 
among other awards. 
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* SynScan™ App Database: Total 10,000+ Objects. 
Deep Sky Objects: 10759, including Messier, NGC, 
IC, Caldwell Catalogues, Named DSOs, Named 
Stars: 305, Double Stars: 55, Solar system objects: | >a 
7 planets, Sun, Moon. (Unlimited objects when Vina) 


working with a 3rd party planetarium software). 

* SynScan™ App Alignment Method: Brightest Star 
Alignment, North-Level Alignment 

* SynScan™ App’s Other Features: Tonight's Best 
Sky Tour, Point and Go with a mobile device. 
Identification of Celestial Objects, Remote control 
over Internet, User defined objects, Pointing 
Accuracy Enhancement (PAE) 





These telescopes have been designed to be controlled wirelessly with your Smartphone or Tablet, using the free SynScan™ App for iOS or Android. The 
mounts create their very own Wi-Fi network, so the mount can be used anywhere, without any reliance on other Wi-Fi networks. After entering your 
coordinates into the App and following a simple alignment procedure, you are ready to explore the universe using the App’s intuitive touchscreen menu. The 
SynScan™ App provides full computerised GO-TO control, allowing your telescope to be automatically slewed to any one of the objects in the App’s extensive 
database of 10,000+ celestial objects. The AZ-GTi and Star Discovery mounts incorporate Freedom-Find™ dual-encoders, allowing them to be moved 
manually without losing their alignment or positional information. All models also compatible with optional Synscan™ Handset and Cable code 20948/20160. 
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Available from dealers throughout the UK te 
www.opticalvision.co.uk 


OPTICAL VISION LIMITED info@opticalvision.co.uk 





